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For maximum heat transfer efficiency 
Extended surface tubing in 
copper, aluminium, brass, steel, 


magnesium and bi-metals. 


METALS DIVISION 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.I 
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Or using Epikote Resins 
for structural protection? 


Epikote Resins, made by Shell, are now being used in surface 
coatings designed to combat corrosion of steel structures 
under the most arduous conditions. Epikote Resin based 
coatings are exceptionally resistant to chemical reagents 
including solvents. They have proved themselves effective 
against liquid and atmospheric contamination, even under 
conditions of high humidity. Wherever Epikote Resins are 


eo 664640 A see o60 2.4 oe ae 


NZ on guard maintenance costs are cut to a new low level. 
Your paint supplier will give you further details. 


Epikote Resins defy corrosion as never before! 


SHELL CHEMICAL COMPANY LIMITED, 105,109 Strand, London, W.C.2. Tel: TEMple Bar 4455 EPIKOTE is 9 Registered Trade Mark. Writ 


E.S.P.3. 
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UNITISED COUNTING EQUIPMENT. This nuclear radia- 
tion monitoring equipment can be supplied in separate 
units or in any combination. Thus any unit can be 
supplemented by other equipment when the scope of 
laboratory activities is extended. The units comprise: 
Five decade universal scaler PW 4032. 
Pre-determined counter unit PW 4052. 
High voltage/pre-amplifier unit PW4022. 


Also shown are the following accessories : 
Scintillation probe PW4I1II. 
Collimators PW4112 and PW4113. 

Products of N.V. Philips, Eindhoven, Holland. 


POCKET BATTERY MONITOR TYPE PW4010. Sensi- 
tive to gamma rays, high energy beta radiation and 
X-rays, with ranges for high and low sensitivity. 
Low intensities can be detected audibly by ear- 
phones. 

Ideal for intensity measurements in laboratories, 
checking radio-active contamination, investiga- 
tions employing radio-active sources or tracers, 
X-ray monitoring, geological surveys. 
A Product of N.V. Philips, Eindhoven, Holland. 





CONTAMINATION METER TYPE 1092D. Will accurately 
measure gamma activity on clothing benches, etc., in 
terms of milli-roentgens per hour at a specified distance. 
The 1092D is provided with alternative and readily 
interchangeable power supply units which may be (i) 
a high tension battery (ii) a mains unit, or (iii) a vibrator 
unit, according to choice. In the interests of main- 
tenance, minimum size and weight, cold cathode valves 
are used throughout—thus obviating the need for 
filament heating. 

Developed in conjunction with the U.K.A.E.A., Harwell. 


PHILIPS ELECTRICAL LTD 
Write or telephone today for further details = RESEARCH & CONTROL INSTRUMENTS DIVISION 


CENTURY HOUSE - SHAFTESBURY AVENUE - | ONDON - WC2 - TEL GERrard 777? 
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«tf Recording Ratemeter 


TYPE D4124 








This newly developed instrument is a completely self-contained integrating 
Ratemeter giving both a meter indication and paper record of regular or random 
pulse-rates. 


Four ranges of count-rate up to a maximum of 600,000 per minute are provided 
with an accuracy of better than | per cent. 


An E.H.T. Supply is incorporated for energising G.M. tubes, etc., together 
with a supply outlet for auxiliary apparatus. 


A variable maximum and minimum limit trigger system is provided which 


operates a relay whose contact connections are externally terminated for the opera- 
tion of indicators on control gear for remote warning or process control application. 


Please write for further details to:- 


Labgear (Cambridge) Ltd. 


NUCLEONICS DIVISION 
WILLOW PLACE, CAMBRIDGE, ENGLAND 


Telephone 2494 (2 lines) Telegrams “‘ Labgear Cambridge”’ 
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THERMAL INSULATION AND ATOMIC POWER 
Darlington magnesia products and contracting 
experience were employed on the first atomic power 
station at Calder Hall because proved efficiency of 
materials and skilled engineering were first considera- 
tions in view of the new problems arising during 
construction and the testing nature of the work. 
Our wide experience is at your disposal, and we will 
gladly send technical representatives to advise on 
In spite of rising 


any problem involving insulation control of heat, 
cold or sound. 
production § costs 


ccoleanae - poesons : THE DARLINGTON INSULATION CO. LTD. 


prices of Magnesia 
— , Head Office: 38 Great North Road, Newcastle upon Tyne 
; Branch Offices at: London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester, Sheffield 
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ANTICIPATED POWER & FUEL REQUIREMENTS 
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Electricity from Nuclear Energy 


A 20-year development programme 


The First Ten Years 

Work will start on the first two 
nuclear power stations in 1957. 
These will each have two gas-cooled 
reactors and the stations will be in 
operation by 1960/61. Two further 
gas-cooled reactor stations — each 
housing two reactors of improved 
type — to be begun in 1958/9 will 
come into service by 1963. The out- 
put of these four stations will be be- 
tween 400,000 - 800,000 kilowatts. 
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Britain’s nuclear power 


station 


construction 


programme will go far to offset the growing 
shortage of coal in the next two or three decades. 


The construction of two groups of 
four stations each will begin in 1960 
and 1961/2 and they will be supplying 
electricity to the Grid by 1963/4 and 
1965 respectively. The first group of 
stations will probably have one 
gas-cooled reactor each. The second 
will probably utilise liquid-cooled 
reactors — one high rated reactor 
each. These stations will add well 
over 1,000,000 kilowatts to the 
nation’s power resources. 





The Second Ten Years 

By 1975, it is anticipated that 
nuclear reactor power stations in 
Britain will have an aggregate 
installed capacity of between 
10,000,000 and 15,000,000 kilo- 
watts. Since these stations will be 
operated as base load stations 
working at full output for twenty- 
four hours a day they will be 
responsible for possibly half the 
units generated in the country. 


In ten years’ time — 1,500,000 to 2,000,000 kilowatts of 
nuclear power. In twenty years’ time — 10,000,000 to 
15,000,000 kilowatts of nuclear power, equivalent to 


40-50 ,000,000 tons of coal a year. 


NUCLEAR POWER SEPT 1/956 












































The other side of the picture 


Since the earliest days of steam, asbestos has 
helped to conserve heat. At the turn of the 
century, forexample, the boilers of locomotives 
were snugly wrapped in an asbestos mattress. 
Steam lines in the power station of the future 
will use asbestos pre-formed blocks and pipe 
sections, not only to conserve the heat and 


energy coming from the heat exchanger to 


At the Atomic Energy Research 


the generating plant, but also, perhaps, on 
the coolant lines as well. 

100%, Amosite Asbestos, in the form of 
CAPOSITE, will provide insulation ‘hat 
combines high thermal efficiency with dura- 
bility. Amosite is found in South Africa, and 
comes from mines belonging to the Cape 
Asbestos Company. 


Establishment in Harwell, another 


product of the Cape Asbestos Company—CAPE BLUE ASBESTOS—is 
already in use. Mixed with cotton, it is made into filters to purify the air 
agains! the effects of radioactive particles, 


THE CAPE ASBESTOS COMPANY LTD. 


114 & 116 PARK STREET 


WORLD’S LARGEST PRODUCER OT 


LONDON WI 


AMOSITE & BLUE ASBESTOS 
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Tue MEASUREMENT, CONTROL AND HEALTH INSTRUMENTATION 


‘LIDO’ 


SWIMMING POOL REACTOR 


WAS DESIGNED AND INSTALLED TO A.E.R.E. SPECIFICATION 
BY 


A 
. «2 
S7pume™ 


A DIVISION OF ERICSSON TELEPHONES LIMITED 


Enquiries to: THE INSTRUMENT DIVISION, HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Telephone: NOTTINGHAM 75115 
Es2 
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protects 


Atomic Energy Authorities throughout 
the world rely on Lead and its alloys 
for protecting personnel and screening 
instruments. This widespread use has 
been brought about by their unique 
combination of high density, ease 
of casting and machining, and high 
recovery value 





The ancient 
symbol for 
lead 


ISSUED BY 
LEAD DEVELOPMENT ASSOCIATION - EAGLE HOUSE - JERMYN STREET~ LONDON SWI 
Telegrams: Ukleadman, Piccy, London 


Telephone: Whitehall 4175 
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THE WORLD-WIDE-FAMOUS 


ERHARD 
i aa 





known for their Design, Precision ond Quality for more than 80 years. 


SOLVE ALL PROBLEMS 4A. 
WW ZL NY: 



































JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 3881 Cable: Erhardarmaturen 


For all information write to 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LTD. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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personal monitor 
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Designed to indicate the integrated doses of 
Gamma or hard X-ray radiation received by 
an individual. The accumulated exposure is 
determined by holding the dosimeter to the 
eye and viewing the position of a fibre on a 
calibrated graticule. Two ranges are avail- 
able, 0 to O-5r or O to 5r, and full details will 
be sent on request. 








CINEMA 











A COMPANY WITHIN THE RANK ORGANISATION LIMITED 


WORSLEY BRIDGE ROAD =: LONDON . S.E.26 
HITHER GREEN 4600 


NUCLEAR POWER SEPT 1956 








southern instruments computer division 
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calculation 
and 
analysis 


, AUTOMATIC AND SEMI-AUTOMATIC TRACE READERS FOR FILM 
» OR PAPER RECORDS, GIVING ANALOGUE AND DIGITAL OUTPUT 













, ELECTRONIC DIGITAL CALCULATORS FOR 
» SCIENTIFIC AND ENGINEERING PURPOSES 





, HIGH-GAIN DC AMPLIFIERS AND MULTIPLIERS, 
ANALOGUE COMPUTERS AND SIMULATORS 


ANALOGUE TO DIGITAL CONVERTORS. 
* DATA-REDUCTION SYSTEMS 


Oo0c 906 


Setwice to veseateh, ard cndustty 








SOUTHERN INSTRUMENTS COMPUTER DIVISION 


(PROPRIETORS : SOUTHERN INSTRUMENTS LIMITED) 


CAMBERLEY, SURREY 


TELEPHONE : CAMBERLEY 2230 (3 LINES). TELEGRAMS : MINRAK, CAMBERLEY, ENGLAND 
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The value of the Cathode Ray Oscillograph 
as an aid to scientific investigation is so high 
and so widely appreciated that further 
emphasis on its imporiance is unnecessary. 
We would emphasise, however, that i 
Cossor Instruments Ltd., in providing 

a wide range of these invaluable 

instruments, have been able to } 


help Research with the solu- ‘ 
tion of many of its difficult 
problems and are anxious to , 


place their long experience of the 
subject at the disposal of enquirers. 




















Model 1035 Mk Il 
Double Beam Oscillograph 


Two independent amplifiers 
with frequency ranges 20 c/s 
to 7 Mc/s and 20 c/s to 100 
Kc/s. The 4-in dia. flat screen 
tube operates at 2 kV. 

Time intervals and Input 
Voltages may be measured 
on either beam by means 

of the calibrated controls. 
Time base for repetitive, 
triggered or single-stroke 
scan with velocity 150 milli- 
seconds to 1§ micro-seconds. 






The instrument in operation near the face of the British 
Experimental Pile “BEPO” at the Harwell Research 
Establishment of the United Kingdom Atomic Energy 
Authority. 


COSSOR INSTRUMENTS LIMITED 


THE INSTRUMENT COMPANY OF THE COSSOR GROUP 
COSSOR HOUSE - (Dept. 68) - HIGHBURY GROVE - LONDON - N.5 
Telephone: CANonbury 1234 (33 lines) 
Telegrams: Cossor, Norphone, London 


Cables: Cossor, London 
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PROPORTIONAL COUNTERS | 
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The plant illustrated generates high purity BF, for 
counter filling. A complex (CaF,BF,) is first produced 
by a distillation process. A 3oft. distillation column for 
enrichment of the B'® Isotope has been developed under 


a U.K.A.E.A. contract and is in production at the 


20th Century New Addington Factory. 





2) esirua 
ELECTROMICS 


LIMITED 








MANUFACTURERS OF GEIGER 
COUNTERS AND PRECISION 
CATHODE RAY TUBES 


Centronics Works, King WHenry’s Drive, 
New Addington, Surrey. 
Telephone: Lodge Hill 2121. 
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SPECIALISED FABRICATION 


These 10” diameter aluminium alloy pipes, ready for despatch, illustrate 
some of the unique work carried out by Marston Excelsior Limited 
for the United Kingdom Atomic Energy Authority. Marston’s have 
unrivalled experience in the fabrication of light alloys—especially in the 
brazing and we'ding of intricately formed parts. Production ranges from 
small 24 s.w.g. items weighing less than 1 |b. to large plant vessels of 
Over 50 tons constructed in 4” thick materials. 

Marston Excelsior Limited also specialise in the manufacture of heat 
exchanger equipment, including radiators, oil coolers and air heat 
exchangers. The air/water, process gas/air and process gas/water 
coolers supplied to the U.K.A.E.A. are further examples of specialised 


equipment manufactured by Marston’s. 


MARSTON EXCELSIOR LIMITED 


(A subsidiary of Imperial Chemical Industries Limited) 
FORDHOUSES >: WOLVERHAMPTON 


MAR 166 
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Concerto 
for hlaxous! 


The melodious nctes of the latest Klaxons would not be 
out of place in a ‘ passage for horns ’. But six Klaxons — 
all at once! We should need a Stravinsky to employ such 
stridency. Or should we? Most of the modern Klaxons 7 id ad 
are designed to work in silence, for the ‘ audible warning . (/ fl 


device’ is but a tithe of our large output 





of today. 





Though Klaxon is synonymous with motor 





horn (ask any decent dictionary), Klaxon’s 
skill and ingenuity are found and favoured 
in many other electrical devices. You 
hear a great deal about them, even though 
some are proud of their quiet operation. 
Indeed, if millions of motorists were not continually 
blowing our own trumpet for us, we might get a little 
cocky (or tiddly-om-pom-pompous !). 

We invite enquiries, are prompt with specifications 

and quotations. We undertake research and develop- 


ment by arrangement. Delivery is prompt and our 
prices, apparently, refreshingly keen. 


KLAXON 


make many 











FRACTIONAL HORSE 
POWER MOTORS 

Up to 1 h.p. Commutator and 
Induction. Any voltage. Standard 
or High Frequency. 










FLAMEPROOF HOOTERS 
Warning range 200 yds. to 
550 yds. 6-250 volts. Suitable for 
mines, oilfields, etc. 


things 


f) 


as well 
ES 
as HORNS 


KLAXON LTD. A Company of the Windsor Group 
49 UPPER BROOK ST., LONDON, W.1. Mayfair 9020 
WORKS: BIRMINGHAM. Acocks Green 1654 


PERMANENT MAGNET 
MOTORS 

Wide range available to meet 
specific requirements. Illustrated 
—6V D.C. 1 ozs. ins. 1,4407.p.m. 





FRACTIONAL HORSE 
POWER GEARED UNITS 
Torques to 2,500 Ibs. ins. Speeds 
down to I rev. in 24 hours. 
Commutator or Induction motors. 





SHADED POLE MOTORS 
1/300 h.p. to 1/12 h.p. Illustrated 
— 1/150 h.p. 2,500 r.p.m. Suit- 
able for light mechanical drives or 
fan duty. 





INSTRUMENT MOTORS 
AND GEARED UNITS 
Synchronous Motors 1,500 r.p.m. 
or 3,000 r.p.m. Synchronous 
Geared Units to 0.033 r.p.m. 


Also the Klaxon Latex Tester, Heavy Duty Wipers, 

















Flashing Signals and Sirens. 
Cvs-30 
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VIBRATING 
REED 
ELECTROMETER 


THE VIBRATING REED ELECTROMETER TYPE N572 
offers an eminently successful means of measur- 
ing small direct currents and voltages with a high 
standard of zero stability. Applied D.C. is con- 
verted to A.C. by means of a vibrating condenser 
and amplification is provided by a highly stable 
A.C. amplifier. 

The rectified output from the amplifier is 
measured on a 33 in. (8.9 cm.) panel meter which 
is calibrated to give direct indication of the 
applied voltage. Provision is also made for 
operating an external recorder. 

The instrument is in two parts; the Electrometer 
unit and the Indicator unit which are connected 
by cables which can be up to 200 ft. (60 metres) 
long. 

This Electrometer was originally developed for 
ionization current measurement, and it solves 
many problems involving the accurate measure- 
ment of small direct currents and voltages. 


sales, installation EKCO 


and service 


nucleonics & electronics 


information sheet 


specification 


RANGES Four Voltage ranges are provided 

1. 0-30 millivolts 3. 0-300 millivolts 

2. 0-100 millivolts 4. 0-1000 millivolts 
Three switched input resistors are provided 

1. 100 megohms. 2. 10,000 megohms. 3. 1 million megohms. 

At maximum sensitivity the instrument gives full-scale deflection for 
a current of 0.03 micro-micro-amps. 
ACCURACY Accuracy is of the order of + 5 per cent for voltage 
measurements. Current measurements may be made to the same 
accuracy provided that the total value of the input resistance is 
known and the special input resistance compensating control is 
adjusted as necessary. 
STABILITY Day to day stability is 
stability is considerably better than this. 
MAINS INPUT 110-120 v. and 200-250 v. 40/60 c.p.s. A.C. Power 
consumption 40 watts. 


CIRCUIT CHECK A switch is provided to enable the anode 
currents of all valves to be checked on the panel meter. 


CALIBRATION A jack is provided which enables the instrument 
to be calibrated against a standard reference potential. 


1 millivolt. Short term 


OUTPUTS The unit will operate either a ImA or a 100 millivolt 
recorder. 6.3 volts at 0.3 amps and 200 v. at 5 milliamps are available 
for operating external equipment. A compartment is provided for 
fitting a 90-volt battery which can be used to polarize ion chambers. 


DIMENSIONS AND WEIGHTS Electrometer unit 74” x 54” x 5}” 
(19.1 x 13.3 x 13.3 cm.). Indicator unit 19” « 54” « 13” (48.3 x 13.3 » 
33 cm.). Weight complete with cables 29 Ib. (13.2 Kg.). 


This instrument is nomally supplied for rack mounting 
but is also available in case Type N524/5 as illustrated. 


ELECTRONICS LTD 
Ekco Works, Southend-on-Sea. Essex. Telephone: Southend 49491 
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united kingdom 


Last phase at Dounreay 

The third and final phase of the 
AEA’s experimental power project 
at Dounreay, Caithness, begins 
officially on Jan 1 next, according 
to works manager T. A. Parry 
speaking recently at Thurso. He 
said the operations team were now 
there and taking over sections 
such as the fire station, health 
physics department, and appren- 
tices’ buildings. ‘On January 1 
next year, said Mr Parry, ‘we 
officially take over and start up a 
large section of the chemical group 
such as the laboratory and fuel 
element plants as well as the laun- 
dry, canteen and main administra- 
tion block, stores, workshops and 
surgery.’ Stressing the local impact 
of the third phase, he added, 
‘Wick and Thurso men at present 
being trained at Windscale and 
Springfields will be employed as 
process workers at Dounreay and 
there are other jobs which we ex- 
pect to be done by local youths 
after they leave school.’ 

The construction of the research 
centre at Dounreay has posed a 
variety of problems for Caithness 
Roads Committee. Heavy road 
transport has experienced difficul- 
ties on certain narrow routes and 
current plans are being directed 
towards elimination of these prob- 
lems. A £6,000 scheme will begin 
shortly at Berriedale Brae, 30 
miles south of Wick, where a hair- 
pin bend has regularly dislocated 
heavy traffic during ice conditions. 

Another scheme will cover the 
main road from Thurso to Reay 
which is also subject to heavy 
trafic. The AEA is contributing 
£61,506, the Scottish Home De- 
partment £31,332 and the County 
£10,442 to the total of £103,280. 


No new plan yet 

A revised version of the White 
Paper plan of February 1955 is not 
likely to be issued until the tenders 
for the first CEA stations have been 
studied and estimates made of 
what is now technically feasible in 
the light of experience gained in 
the designing of these power 
plants. This was made clear in the 
House of Commons on July 30 by 
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the Minister of Fuel and Power, 
Mr Aubrey Jones, replying to ques- 
tions prompted by the Suez crisis. 
Mr Jones said that he now regarded 
the White Paper as a minimum 
plan and that he attached the 
utmost importance to accelerating 
it as much as possible. Labour 
member Mr James Callaghan said 
there was a growing feeling that 
the programme for nuclear energy 
was moving too slowly and there 
was a case for speeding it up. The 
Minister replied that he fully 


accepted there was a case for speed- 
ing up but denied the present pro- 
gramme was in any way held up. 


Harwell and gem trade 


Diamonds are now to be irradia- 
ted on a commercial scale at Har- 
well. The object of this is to 
change the colour of imperfect 
stones by means of an effect that 
was first noticed over fifty years 
ago when it was discovered that 
radium had the effect of produc- 
ing a colour change. Radiations 
from reactors and accelerators and 
isotopes are now to be used for 
this purpose, the charges to be 
fixed by agreement. A period in a 
reactor turns a stone green and 
subsequent heat treatment may 
change this to brown. In an accel- 
erator, on the other hand, the 
colour is blue or bluish green. 
The gems acquire a certain radio- 
activity but this is short lived and 
they are safe to handle in a few 
days. Enquiries to: Technical 
Irradiation Group, Isotope Divi- 


sion, AERE, Harwell. 
Widening the picture 


Two hundred representatives 
from British industry are to meet 
Harwell scientists on Nov 30 when 
they will be given details of the 
AERE’s research programme on 
advanced power reactors. They 
will have explained to them the 
salient features of reactors which 
have been chosen for detailed in- 
vestigation. Following the confer- 
ence, firms wishing it will be kept 
fully informed on progress on 
these reactors and this will be 
done at an annual conference on 
each reactor system. Details: In- 
dustrial Collaboration Office, Har- 
well. 


commonwealth 


India's first reactor starts 


The first reactor in Asia became 
critical at 3.45 p.m. on Aug 4 at 
the Indian Atomic Research 
Establishment on Trombay Island, 
Bombay. Of the swimming pool 
type fuelled by British enriched 
uranium, the reactor was built en- 
tirely by Indian scientists and 
engineers in the space of only a 
year after design finalization. 
Loading commenced on July 30 
but certain difficulties were ex- 
perienced before criticality was 
achieved later in the week. Next 
year it is hoped to have the NRX- 
type reactor functioning at Trom- 
bay. This is being supplied by 
Atomic Energy of Canada Ltd 
under the Colombo Plan agree- 
ments. 


soviet union 


Engineers for the 5-year plan 


One of the leading technological 
institutes in Moscow, the Molotov 
Power Institute, recently an- 
nounced the formation of a de- 
partment of nuclear power studies. 
Similar steps are being taken in 
other parts of the Union to meet 
the need for a large body of 
trained man-power to operate the 
nuclear power stations scheduled 
for construction during the cur- 
rent five-year plan. The first of 
these is due for commissioning 
next year and the first output of 
graduates from the Molotov Insti- 
tute is planned to coincide with 
this. The Institute will have 
several professorial chairs and a 
building has been equipped as a 
nuclear power laboratory by Mr 
Malenkov’s Ministry of Power 
Stations. 


Uzbek research centre 


A nuclear physics institute is to 
be set up at Tashkent in Uzbeki- 
stan under the control of the 
Academy of Sciences of the Uzbek 
SSR by a recent order of the 
Council of Ministers of the USSR. 
As well as fundamental research, 
the institute will carry out work 
on isotope applications to biology, 
chemistry, medicine and industry. 
Its equipment will include a re- 








search reactor housed in a special 
building. Uzbekistan is already an 
important scientific centre of the 
USSR and extensive atomic re- 
search work has already been 
carried out there. 


Soviet aid for Hungary 


Hungary can produce enough 
uranium to electric 
power requirements for many de- 
cades, Prime Minister Andras 
Hegediis told a Budapest press 
conference last month. Replying 
to questions he said: ‘We shall 
start building the first atomic 
power station next year There is 
that Hungary will 
precede many industrially devel- 
oped Western countries in estab- 


cover all 


a possibility 


lishing atomic power stations. In 
April Hungary stated its intention 
to begin the mining and process- 
ing of uranium ore during the 
next ‘few years. Work began 
three months ago on an atomic re- 
search station in Budapest, aided 
by Soviet technicians and techni- 
cal help. Isotope production at 
the station—a_ three-storey red- 
brick building in Liberty Hill 
overlooking the capital—will be- 
gin at the end of next year or the 
beginning of 1958 according to 
plans. 


First “ power only ” station 
Construction of the first big 
nuclear power station in Europe 


optimised solely for electricity 
generation started recently at 


Chinon, near the junction of the 
Loire and the Vienne. Electricité 
de France’s first reactor, EDF-1 as it 
is known, is to have an installed 
capacity of 60MW and is due for 
completion in 1959. It will be fol- 
lowed in about 18 months by a 
second station, EDF-2. EDF's pro- 
gramme envisages the installation 
of between 3 and 6 million kW by 
1975. 


Oil firm buys accelerator 

The Compagnie Francaise de 
Raffinage, a leading French petro- 
leum refining and 
organization, announced in Paris 
recently the purchase of a 2-mil- 
lion-volt Van de Graaff particle 


processing 










accelerator from High Voltage En- 
gineering Corp., Cambridge, Mass., 


U.S.A. 


Belgian engineers in US 


Three key members 
gium’s top-level atomic 
team are at present with Nuclear 
Development Corporation of 
America (NDA) at White Plains, 
N.Y. They are Henri Dopchie, 
Jacques Planquart and Francois 
Van Geertruyden, members of the 
staff of the Centre d'Etudes pour 
les Applications de ’Energie Nu- 
cleaire, Mol, and are assigned to 
duty in connection with Belgium’s 
engineering test reactor, now in 
the early stages of design. 


ISO and nuclear energy 


National standards required for 
the peaceful development of nu- 
clear energy are to be unified in- 
ternationally as swiftly as possible 
according to a decision taken by 
the Council of the International 
Organization for Standardization 
at its recent meeting in Geneva. 
Standardization between countries 
would aid exports and speed the 
flow of scientific and technical in- 
formation, say the British Stan- 
dards Institution in making this 
announcement. ISO's technical 
committees are to consider the 
fields of (1) terminology, defini- 
tions and symbols (2) safety stan- 
dards for protection against radia- 
tion hazards (3) standards for the 
safe and effective operation of 
reactors. Close cooperation will 
be maintained with the Inter- 
national Electrotechnical Commis- 
sion (IEC)—which has formulated 
its own plans in the electrical 


field. 


Details of London Agreement 


The agreement signed in London 
on July 31 by ambassador Hans 
von Herwarth and UK foreign 
minister Selwyn Lloyd is for ten 
years and allows Germany to 
obtain in Britain, on terms to be 
agreed, research reactors, fuel ele- 
ments and unclassified information 
on topics to be agreed concerning 


of Bel- 


energy 





construction and 
operation of these reactors. Train- 
ing is also covered in the agree- 


the design, 


ment and the UKAEA will 
provide facilities for German 
scientists to study at Harwell. 
Safeguards in the agreement are 
included to ensure that the 
materials and information will be 
used only for peaceful purposes. 
Both countries reaffirm their sup- 
port for the International Atomic 
Agency when it is set up. Minister 
for Atomic Affairs Franz Joseph 
Strauss and AEA chairman Sir 
Edwin Plowden were present at 
the signing in London. 


RWE to buy power reactor 

It has been confirmed that 
Rhein Westfalische Elektrizitats- 
werke intends to buy an experi- 
mental reactor at a cost of between 
20 and 30 million DM, according 
to chairman Schéller who added 
that offers had been received from 
Britain and America. The offers 
are understood to have come from 
Siemens-Schuckert in cooperation 
with Westinghouse, from Brown 
Boveri and from AMF Atomics 
and Mitchell Engineering in the 
UK. RWE’s intention is to gain 
experience with a view to building 
a 700-1000 MW plant in about ten 
years’ time. 

Atomic minister Franz Joseph 
Strauss recently stated that the 
Federal programme envisages an 
installed nuclear capacity of 2-8 to 


3 million kW by 1975. 


scandinavia 


British instruments on show 


Thirty-four instrument firms of 
the Scientific Instrument Manufac- 
turers’ Association, acting in 
collaboration with the Board of 
Trade, are displaying examples of 
British instrumentation in the 
fields of optics, laboratory appara- 
tus, electrical, electronic and nu- 
cleonic equipment and measuring 
instruments at the St. Eriks Fair, 
Stockholm, which began on Sep 1. 
It will remain open until Sep 16. 
The British area covers 5,000 sq. 
ft. The participation at St. Eriks 
on such a large scale will earn 
enormous prestige for this impor- 
tant industry and help to foster 
new markets in Sweden and other 
Scandinavian countries. 
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Thickness gauges for measuring, 
recording and _ controlling the 
thickness of sheet materials such 
as paper, cardboard, plastics, rub- 
ber, metals, linoleum, etc., are of 
particular interest to the Seandi- 
navian countries, as are also static 
charge detectors which measure 
electrostatic charges in the paper, 
plastic, rubber and explosive in- 
dustries as well as in hospital 
operating theatres. There are also 
gauges for measuring variations in 
weight of paper and _ plastics 
across the web. 

Among a selection of nucleonic 
instruments will be various rate- 
meters, dosimeters, radiation 
monitors, ionization chambers, iso- 
tope containers for industrial 
radiography and flaw detection 
equipment for quality control. 


Japanese atom centre 


Last month chairman Matsutaro 
Shoriki of the Atomic Energy 
Commission initiated building at 
a small village, Tokai-Mura, about 
75 miles north of Tokio where the 
Japanese atomic research centre is 
to be set up. Mr Shoriki told the 
visitors at the ceremony that the 
current 15-year plan involved 
about eight reactors. The first ones 
are to be a water boiler and a CP5 
to be bought from the United 
States. There will also be a 
natural uranium, heavy water re- 
actor which they would build 
themselves. Japan’s current appro- 
priation for nuclear energy devel- 
opment is £3-6m and the Commis- 
sion is to ask for this to be raised 
to £12m for 1957. 


Whither the AEC ? 


Interest in plutonium-fuelled re- 
actors is developing rapidly ac- 
cording to the 20th semi-annual 
report of the Atomic Energy 
Commission, published in Wash- 
ington last month. The General 
Electric Hanford works has been 
requested to plan a development 
programme centred on a small ex- 
perimental reactor using pluton- 
ium fuel elements. Combination 
of plutonium with natural uran- 
ium would free most countries 
from dependence on imported 
U-235, says the report. Meanwhile, 
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at Los Alamos a molten plutonium 
fast reactor is under consideration 
although progress is not expected 
to be rapid. 

Some findings of the accident to 
EBR-1 at Argonne are reported. 
On Nov 29 a reactivity excursion 
occurred and, owing to misunder- 
standings, the reactor was not 
brought subcritical quickly 
enough. Not until May 17 was it 
possible to remove the core from 
the pressure vessel and it was then 
found that the temperature had 
exceeded 1130°C, the melting point 
of uranium. Valuable experience 
has been gained from the incident 
which is claimed to show that 
even a substantial melting did not 
result in an explosion and that 
radioactive products were easily 
contained. 

SRE at Santa Susana in Cali- 
fornia has suffered various set- 
backs but it is now believed that 
criticality trials will commence in 
January. HRE-2 at Oak Ridge was 
completed in May and criticality 
tests are due to start any time now. 
BORAX 3 at NRTS, Arco, was 
shut down in April after running 
for 6 months at a power level 
equivalent to 2000 kW electric. A 
new core is being installed and the 
reactor has been renamed BORAX 
4. The next step in the boiling re- 
actor programme is the comple- 
tion of Argonne’s EBWR which is 
expected to be in operation next 
year. 

Under development at Knolls 
(General Electric) is a new sub- 
marine advanced reactor, designa- 
ted S3G. Two of these are to be 
used in the Navy’s picket sub- 
marine which will be the largest 
underwater craft ever constructed. 
A small submarine reactor, S1C, is 
the subject of a development con- 
tract awarded to Combustion En- 
gineering to be carried out at a new 
test facility at Windsor, Conn. 

The independent industrial re- 
actor programme now numbers 
five approved projects: Consolida- 
ted Edison, Indian Point, PWR, 
140 MW; Commonwealth Edison 
and others, Dresden, I11, BWR, 
180 MW; General Electric and 
Pacific Gas & Elec., San Francisco, 
BWR, 3 MW; Pennsylvania Power 


& Light, aqueous homogeneous, 





150 MW; Florida Power Corp. un- 
specified, 200 MW. The first con- 
tract of the Government assisted 
Power Demonstration Reactor 
Programme was signed on June 6 
with Yankee Atomic Electric Co 
for the 134 MW PWR at Rowe, 
Mass. Two others are in negotia- 
tion: Consumers Public Power 
District of Columbus, Nebr. for a 
75 MW SGR and with Power Re- 
actor Development Co Ine for a 
100 MW boiling reactor at Dres- 
den, Ill. In addition, seven other 
proposals have been received from 
various public utilities. These are 
for comparatively small plants 
but include interesting types of re- 
actors such as: sodium-cooled, 
heavy-water-moderated; nitrogen- 


cooled; organic-moderated and 
liquid fuel. 
The total installed electrical 


capacity of approved plants in the 
three programmes now _ totals 
1,182 MW. This is made up as 
follows: Government Experimen- 
tal Programme, 90 MW; Power 
Demonstration Programme, 419 
MW; Independent Industrial Pro- 
gramme, 673 MW. The total esti- 
mated cost to the Government is 
$313m: to Industry it is $358m. It 
should be noted that except for 
the PWR at Shippingport which is 
due critical next year none of these 
large power stations will be in 
operation before 1960—1962 in 
some cases. 

Differences in the Commission 
were later voiced by Commissioner 
Thomas E. Murray who declined 
to subscribe to sections of it. Mr 
Murray did not accept the asser- 
tion that the programme had gone 
forward on a broad front and he 
averred that it was stagnating be- 
cause of a belief that the United 
States did not need nuclear power 
urgently. While Britain and the 
USSR, he said, would have econo- 
mic power stations by 1960, there 
was at present little likelihood of 


‘the United States having them. 


Commissioner Murray also dis- 
agreed with his colleagues on their 
estimation of the hazards from 
strontium fallout 
bomb tests. 


Private fast breeder 
A 100-MW, electric, fast breeder 
is to be built at Monroe, Mich, by 


arising from 






the Power Reactor Development 
Company of Detroit—a group of 
26 public utilities and industrial 
firms. The plant is estimated to 
cost $40m and the output will be 
fed to the Detroit Edison grid. 
The group obtained AEC approval 
for the plant on Aug 3 but before 
it is handed over for operation, the 
Commission is to carry out strin- 
gent acceptance tests to ensure 
that public health and safety are 
not endangered. An AEC spokes- 
man said that the Commission 
considered the fast breeder pro- 
gramme very important and would 
assist the group in resolving safety 
problems. 

At a ground breaking ceremony 
on August 8 at the Lagoona Beach 
site on the Lake Erie shore, the 
Power Reactor Development Com- 
pany stated that the plant would 
be known as the Enrico Fermi 
Atomic Power Plant in honour of 
the famous Italian physicist who 
constructed the world’s first self- 
sustaining nuclear chain reaction 
in Chicago in 1942, and who died 


in 1954. 


Battelle's new lab ready 

The critical assembly laboratory 
at the Battelle Memorial Institute 
in Columbus, Ohio (NUCLEAR 
POWER May) has now been com- 
pleted and is currently being 
readied for research work on reac- 
tors for land, sea and air applica- 
tions. This is the second unit of 
Battelle’s Atomic Energy Centre to 
come into operation. 


Caesium process at ORNL 

Oak Ridge National Laboratory 
recently announced a new process 
for the recovery of caesium-137 
from fission products, and a pilot 
plant is now under construction. 
The final product is in the form of 
a compressed caesium chloride pel- 
let weighing 3.21 ounces and mea- 
suring 1.25 in. dia., 1.47 in. long. 
Three pellets are contained in a 
double-walled stainless steel cap- 
sule, forming a 2000 curie source. 
According to Operations Division 
director Arthur F. Rupp, the pilot 
plant will be in operation next 
June and should have a through- 
put of 200,000 curies a year. This 
will reduce significantly the present 
price of about $14 a curie. In addi- 
tion to caesium, Oak Ridge are 


planning to produce strontium-90, 
cerium-144, promethium-147, tec- 
netium-99 and ruthenium-106. 

Two years ago, Oak Ridge, which 
is operated for the AEC by Union 
Carbide and Carbon, produced a 
1540 curie caesium-137 source 
which is now in use at the Oak 
Ridge Institute of Nuclear Studies. 
The first 2000 curie source will be 
used at the University of Michigan! 


for further studies in fission pro-' 


ducts. 

New prices for carbon-14 and 
iodine-131 were announced by the 
AEC in Washington on August 24. 
C-14 now costs $28 a millicurie for 


shipments of 199 or less: over this’ 


it is $22. 1-131 is now 50 cents a 
millicurie for lots of 499 or less: 
40 cents for more. Since C-14 was 
first supplied in 1946, more than 
2200 consignments have been 
made. Simultaneously with the 


AEC announcement, Atomic Indus- 
trial Forum said that 1000 US in- 
dustries are now using isotopes in 


1347 different plants. 


Flat out for 66 days 

In a test concluded on August 8 
the STR Mk I reactor (the land- 
based prototype of that used in 
the submarine USS Nautilus) was 
run non-stop at 100 per cent. out- 
put for 66 days, or 1660 hours. The 
test took place at the National 
Reactor Testing Station at Arco, 
Idaho, and was designed to prove 
the reliability of pressurised water 
reactors for ship propulsion. The 
reactor—now renamed S1W—was 
refuelled in March after 24 years 
operation on the original core 
and still has many hundreds of 
hours of full output available, 
says the AEC announcement mak- 
ing this news. The reactor has now 
resumed operation at varying 
power levels in order to obtain en- 
gineering data and to provide 
training facilities for officers and 
men of the US Navy. 

The AEC point out that if the 
Nautilus herself had steamed for 
this period she could have travel- 
led submerged at top speed— 
about 18 knots—round the world 
and many thousands of miles 
more. A_ diesel-powered  sub- 
marine cruising the same distance 
would have used about 1:6 mil- 
lion gallons of fuel. 

The test is claimed to be the 


longest non-stop full power run 
ever completed by any type of 
propulsion plant—land, sea or air. 


Zinn for Industry 

Former Argonne National 
Laboratory Director, Walter H. 
Zinn recently became president of 
the newly-formed General Nuclear 
Engineering Corporation of St. 
Petersburg, Fla. GNE is to pro- 
vide engineering and other ser- 
vices in connection with the 
design, construction and operation 
of reactors and other atomic 
energy facilities. Research and 
development services are also 
offered. 

Associated with Dr Zinn in GNE 
are three erstwhile Argonne col- 
leagues—Harold V. Lichtenberger, 
previously in charge of Argonne’s 
facilities at the Idaho test station; 
John M. West, who headed the 
EBWR_ group; and_ physicist 
Joseph R. Dietrich, responsible for 
the theoretical work on the STR 
and the Argonne boiling reactor 
experiments. It will be seen that 
Argonne have lost a quartet of its 
top-flight men and that GNE have 
assembled a formidable team of 
specialists. 


Ship project approved 

One of the last acts of the 84th 
Congress was President Eisen- 
howers’ authorization on July 30 of 
the first atomic-powered merchant 
ship. It has not yet been decided 
whether the vessel is to be a liner, 
a freighter or a tanker but the 
President’s directive stipulates that 
it must be capable of operating on 
main trade routes. The Maritime 
Administration is to plan and con- 
struct the hull while the AEC is to 
look after the power department. 
It is noted in the AEC semiannual 
report that a large ship reactor, the 
A1W, is under development at 
Westinghouse’s Bettis plant in 
Pittsburgh. The ship is expected 
to cost $42.5m. 

Speaking in Washington before 
the Presidential decision, Federal 
Maritime Board chief, Clarence G. 
Morse. said it was hoped to have the 
ship in operation by 1960. In reply 
to questions he admitted it would 
not be economic but thought that 
nuclear powered merchant ships 
might become profitable in about 
ten years. 
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Why only electricity ? 


IN THE MINDS OF most people, nuclear power means ultimately electricity generation, 
and certainly this is the form in which the energy released by fission will first be mani- 
fested. We, in this country, are on the very threshold of this new source of electrical 
energy and in just over a month we shall have crossed it. In the general picture of 
world energy requirements, however, electricity plays quantitatively only a minor. 
although indispensable, role. for of the equivalent of 10-2 x 10° MWh of energy use- 
fully put to work throughout the world in 1952, only 2-1 were in the form of mechanical 
or electrical power, the balance of 8-1 units being in the form of heat. Of this, 5-2 
units were used in industry and 2-9 in households for space heating, water heating and 
cooking. Details of the pattern vary from country to country but the tendency is clear. 
(t present, much reactor research is being directed towards achieving higher temperatures 
and this is wholly admirable since the thermal efficiency of any heat engine is dependent 
on the initial temperature. But there is obviously a vast potential demand for low tem- 
perature heat for industrial processes, space heating and domestic purposes, so a good 
case exists for reactors operating at quite moderate temperatures. Even from large 
central power stations there is a strong economic argument for dual-purpose plants pro- 
ducing both electricity and heat from back-pressure or pass-out turbines. Some sacrifice 
in turbine efficiency is inevitable with this arrangement, but when the heating is taken 
into account, combined efficiencies of over 80 per cent. are possible and are in fact being 
achieved from the two small (1350 kW) back-pressure sets at Battersea power station 
which supply heating for about 11,000 persons in the Pimlico scheme. Pimlico is 
admittedly rather a special case since the distribution problem was made easy by an 
entirely fortuitous set of circumstances and so far the leading argument against district 
heating in this country hangs on the apparently high cost of the distribution system. 


We are brought up to believe that we live in a temperate climate and so, as a nation, 
we tend to look on central heating as somewhat effete and cling obstinately to the open coal 
fire as our primary source of warmth in the home. But in view of the fact that the price of 
coal is increasing steadily at the rate of 1-2 per cent. per annum compound (doubling in 
60 years) in relation to wholesale prices generally, it may fairly be assumed that coal will, 
in the course of time. lose its attractiveness. 


It is encouraging to note that Sweden is already working on nuclear heating stations 
and that Norway is developing the use of nuclear heat for the wood pulp and paper 
industries. It should also be remembered that we in this country were the first to use a 
nuclear reactor for space heating—in the BEPO installation at Harwell. A much more 
sophisticated heating installation was recently completed at the Hanford plant of the 
USAEC. The technical problems of district heating from nuclear sources—either heat 
only, or dual purpose—are not difficult and one feels that if a real effort were devoted 
to the question of distribution this, too, could be made an economic proposition in 
suitable locations. Presenting the United Nations report on World Energy Resources at 
Geneva, Mr. Guyol said: “If during the next half-century, nuclear science is directed 
solely towards the production of electric power, no more than one-fifth of the world’s 
energy will be obtained from nuclear sources by the year 2000. If, on the other hand. 
this new branch of science is directed towards the production of low-cost heat, as well 
as electric power, nuclear fuels could proyide as much as_ three-quarters of the 84 
thousand million megawatt-hours of energy that we believe will be required in the year 
2000.” The first thing is obviously to obtain electricity, for its distribution is a compara- 
tively simple and well-understood technique: in the planning of future power stations, 
however, we should consider most seriously the question of the bulk distribution of heat 
as such, because long after nuclear electricity is commonplace, coal will still be needed 
as a basic raw material and by then will have become far too expensive to use as a fuel. 








At Harwell, physicists, chemists and metallurgists 
are carrying out a vast research programme 
which will enable the engineer to build better power reactors 


Scientific problems in the development 


ALTHOUGH THE DESIGN of the first CEA stations 
will be a substantial advance on Calder Hall there is 
still great scope for research and development lead- 
ing to further improvement of the gas-cooled graphite- 
moderated reactor. Later types of nuclear power 
stations using other kinds of reactors present a still 
wider range of scientific problems. These divide con- 
veniently into problems of reactor physics, solid state 
physies, and chemistry. 


1 Reactor physics problems 

1.1 Core Structure 

The first problem to be considered in designing a 
new type of reactor is to determine the optimum para- 
meters of the core. After this, exponential experiment 
assemblies or zero energy critical assemblies are made 
to establish the general nuclear characteristics of the 
reactor system, and it is then possible to combine the 
nuclear calculations of the core together with heat 
transfer and economic analysis to design the best 
reactor. The design may be finally checked by a 
further zero energy experiment. 


This procedure applied to the gas-cooled graphite- 
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Fig.1 reactivity variation with irradiation for 
a uniformly irradiated Calder type reactor 


moderated reactor led to a lattice pitch of about 8 in. 
and a uranium rod diameter of about one in. The 
graphite has a cross-section of about 4 millibarns, and 
the canning material is a magnesium alloy—magnox 
Heat extraction rates of about 3 megawatts (thermal 


per ton are expected to be achieved in future. 


An important parameter of the core is the conver- 
sion factor of U-235 to plutonium since this is one of 
the most important factors determining long-term 
reactivity changes. A typical neutron balance sheet 
of a good gas-cooled graphite reactor is as follows—the 
conversion factor is about 0-85. 
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1.2 Reactivity changes 

The fuel costs in power reactors are determined by 
the price of uranium, the cost of fabricating fuel ele- 
ments, the burnup which can be achieved per cycle 
and the value of the spent fuel. The achievable burnup 
depends on the course of the reactivity changes (Fig. 
1). There is an early drop of reactivity due mainly to 
the formation of samarium-149, followed by a rise due 
to the conversion of U-235 to plutonium-239. The 
greater the conversion factor, the greater the increase 
of reactivity. 


As the burnup proceeds past 1000 megawatt days 
per ton (MWD/t) the conversion of plutonium to 
higher isotopes Pu-240 and Pu-241 becomes important. 
Pu-240 is not fissile by thermal neutrons but is con- 
verted to form Pu-241 with an absorption cross-section 
of about 1200 barns. Pu-241 has a fission cross-section 
of about 1000 barns and a cross-section for capture to 
form Pu-242 of roughly 500 barns for thermal neu- 
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trons. These cross-sections are not yet known accu- 
rately enough; so far they have been determined at 
Harwell by using plutonium with up to 50 per cent 
of Pu-240. Fig. 2 shows the isotopic constitution after 
burnup. 

Another important factor in determining long-term 
reactivity changes is the effect of fission products of 
long half-lives. We do not know these cross-sections 
with sufficient accuracy and are now starting an experi- 
mental programme to improve our knowledge. A 
programme of this kind requires special facilities and 
involves a great deal of work. Even to cut up an irra- 
diated plutonium rod into sections having activities 
of thousands of curies requires good remote-handling 
devices, whilst the cell for separation of the fission 
products has to be heavily shielded and equipped with 
remote handling. 

The operation of reactors at temperatures adequate 
to produce power requires a knowledge of nuclear 
constants at neutron energies higher than thermal. 
We expect to improve the accuracy of our measure- 
ments and to extend the range of these by two new 
developments at Harwell. The first will make use of 
a neutron beam from the DIDO reactor. This will give 
us 40 times higher intensity than we have had from 
BEPO. A new fast chopper operating at 48,000 rey 
min is being built for this work and a flight path of 
100 metres will be used. 


1.3 Fuel cycles 

Another important factor in determining the burn- 
up in a particular reactor is the cycle of fuel element 
change. The ideal method is to discharge the fuel 
elements quasi-continuously which can be achieved if 
the design provides for charge and discharge to be 
carried out whilst the reactor is operating. 

Since the irradiation of the fuel in the central zones 
is more intense these are the first to be discharged, 
followed by discharge of zones proceeding outwards. 
In general, burnup can proceed until the area below 
the reactivity curve equals the area above the curve 
in the early part of the irradiation. 

When continuous charge and discharge is not pos- 
sible, operational procedure may lead to discharge by 
zones, so that the maximum of irradiation of indi- 
vidual fuel elements may vary appreciably. This 
reduces the average burnup. 

With our present inadequate knowledge of nuclear 
constants, estimates of burnup are uncertain by per- 
haps 500 MWD /t. The achievable burnup depends on 
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SCIENTIFIC PROBLEMS SURVEYED are those 
of reactor physics, solid state physics and chemistry. 
The prospect of high burnups and the conversion of 
plutonium-239 to Pu-240 and Pu-241 has led to a study 
of these isotopes. Slight enrichment of fuel for gas-cooled, 
graphite-moderated reactors is believed to be economical 
and burnups of 10,000 MW D/t are expected ultimately. 
On fast plutonium reactors, breeding gains of 1-6 to 1:7 
are expected. The most difficult problem is the devrelop- 
ment of a reliable fuel element, but radiation problems 
of great difficulty occur with all reactor materials. 
Compatibility problems between fuels, moderators, and 
coolants are discussed and a new aluminium alloy is 
reported, Pyro-metallurgical methods for the processing 
of irradiated elements show promise and will probably 
he used for fast reactors. 


L?>ARTICLE CONTIENT UN APERCI des 
problémes scientifiques relatifs a la physique des 
réacteurs, physique des corps solides et chimie. La 
perspective d’atteindre des hautes consommations et la 
transformation du plutonium-239 en Pu-240 et Pu-241 
ont mené a V’étude de ces isotopes. On admet qu'un faible 
enrichissement du combustible pour les réacteurs 
refroidis par Vair et modérés au graphite est économique, 
et Von prévoit des consommations finales de 10000 
MU D/t. On prévoit des gains de régénération de 1,6 

1,7 dans les réacteurs au plutonium a neutrons rapiaes. 
Le probléme le plus difficile est celui de développer un 
élément combustible sir; néanmoins, on rencontre des 
problémes de radiation trés difficiles relatifs a tous les 
matériaus employés dans les réacteurs. On discute les 
problémes de compatibilité entre combustibles, modéra- 
teurs et réfrigérants, et Von décrit un nouvel alliage 
@aluminium,. On est optimiste en ce qui concerne les 
méthodes de pyro-métallurgie pour le traitement des 
éléments irradiés et Von espére que ces méthodes seront 
employés pour les réacteurs a neutrons rapides, 


ES WIRD EIN UBERBLICK der wissenschaftlichen 
Probleme der Reaktorphysik, Festkérperphysik und 
Chemie gegeben. Die Aussicht hoher Brennleistungen 
und die Umwandlung von Plutonium-239 in Pu-240 
und Pu-241 fiihrte zum Studium dieser Isotope. Man 
vermutet, dass eine geringe Anreicherung des Brenn- 
stoffs fiir gasgekiihite Reaktoren mit Graphitmoderatoren 
wirtschaftlich ist, und es werden Héchstbrennleistungen 
ron 10000 MWD/t erwartet. In Plitonium-Schnell- 
reaktoren werden Brutgewinnste von 1,6— 1,7 vorge- 
sehen. Das schwerste Problem ist die Entwicklung eines 
cuverlissigen Brennstoffelements, doch begegnet man 
dusserst schweren Strahlungsproblemen im Zusammen- 
hang mit sdmtlichen Reaktorbaustoffen. Es werden 
Vertrdglichkeitsprobleme zwischen Brenistoffen, Mode- 
ratoren und Kiihlmitteln erdrtert, und es wird iiber eine 
neue Aluminiumlegierung berichtet. Pyrometallurgische 
Verfahren fiir die Bearbeitung von bestrahlten Elementen 
sind vielversprechend und werden dieselben wahr- 
scheinlich fiir Schnellreaktoren angewandt werden. 


LOS PROBLEMAS CIENTIFICOS §examinados 
son aquellos de la fisica del reactor, fisica del estado 
sdlido y quimica, Las posibilidades de *‘quemas’’ de 
gran intensidad y la conversién de Pu-230 en Pu-240 
y Pu-241 ha conducido a un estudio de estos isétopos. 
El ligero enriquecimiento del combustible para reactores 
enfriados por gas y moderados con grafito se cree que 
resulta econémico y finalmente se esperan “*quemas’’ de 
10.000 MWD t. En reactores de plutonic rdapidos se 
anticipan aumentos de reproduccion de 1,6 a 1,7. El 
problema mds dificil consiste en el desarrollo de un 
elemento combustible seguro, pero con todos los materiales 
del reactor se presentan inconvenientes muy dificiles. 
Se discuten los problemas de la compatibilidad entre 
combustibles, moderadores y enfriadores, y se menciona 
una nueva aleacioén de aluminio. Los métodos piro- 
metalirgicos para la elaboracién de elementos irradiados 
son prometedores y, probablemente, serdn utilizados 
para reactores rdpidos. 


OBO3PEBAIOTCH HAN YHBIE HPOBMEMDBI 

Pusunu pearmopoe, (Pusuru meepowxX met uw XuMuu, 
Tlepcnenmueot HOAbWUX PAacXodos CeopaHud uU npespa- 
menue naymonua-239 @ Pu-240 u Pu-241 npuseru x 
nvayyveHtun amux usomonose, Iloaaeaemca, wmo He3sna- 
“vume.lbHoe oOo2zawmenue monauea J.19 pearnmopoe ¢ 
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Oyvoem IKROHOMUNHO; NPedeUOAMCA 6B Oyoywen 6elU4uUnol 
ceopanus e@ 10000 MWD/t. Hateemca nadescda, umo 
uzOoimounolit KO upmuyuenm socnpouseodume lbHocmu 
KVOepHoeo moniuead 6 NAIymoHUuesdlx pPearnmopax Ha 
Gvicmpoix HelimpoHax JocmueHeMm BeLUYMUHDE 1.6 :.7. 
Camoti maowenott NpoG6semoi sBAseMces OCYWECMB1EH HE 
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typeuvecnue Memoddt o6pa6omru OG.1YYeHHoLY oLEMen= 
moe nodawm Ootbuiue Haden UU. RAsWCeEMCA, Oyoym 
ynompeb LAMbCHN 6 PCARMOPAaX HA GHICMpPdKLY HEUM POHaX, 
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the neutron economy and particularly on the initial 
conversion factor. A graphite-moderated reactor of 
this type likely to be used in future power stations 
is likely to achieve a burnup of 2500-3000 MWD/t. 
An important corollary to this is that slight enrich- 
ment of the fuel of graphite moderated reactors is 
likely to be economical. Comparatively small enrich- 
ment to increase the proportion of U-235 by three or 
four per cent will increase reactivity and allow the 
burnup to be increased. The cost of this may be esti- 
mated by taking the USAEC price of U-235 as a basis. 
A 3 per cent enrichment requires 215 grams of U-235 
per ton of metal, so that the added cost at $25,000 per 
kilo is about £1,900 per ton of metal. This would add 
about 10 per cent to the cost of fuel elements. If the 
additional burnup exceeds this increased cost of 10 
per cent appreciably, slight enrichment would be 


advantageous. 


Additional burnup of fissile material in thermal 
reactors should be achievable by recycling the pluto- 
nium together with the greater part of the depleted 
uranium and feeding into the system a quantity of 
natural uranium to make up for the U-235 burnt. 
In the equilibrium condition the content of the dif- 
ferent fissile isotope in the reactor stays approximately 
constant since as much plutonium is produced as is 
destroyed by fission. 

We expect that a gas-cooled graphite-moderated 
reactor with a conversion factor of 0-8 and an operat- 
ing temperature of 400°C could achieve an overall 
burnup of the order of 10000 MWD/t. 

The burnup likely to be achieved in an enriched 
fuel reactor such as the sodium-graphite, which we 
are studying, is likely to be markedly less, especially 
if the reactor is operated at temperatures of about 
500°C. for this will lead to 4 falling to 1-65-1-70. The 
value of the conversion factor will of course depend 
greatly on the design and particularly on how much 
neutron-absorbing material such as zirconium is intro- 
duced into the core for graphite canning. It will also 
depend markedly on the reactor size and output. 
Until design parameters have been specified we cannot 
therefore predict burnup accurately. Nevertheless at 
this stage of investigation it appears that the sodium 
graphite reactor should be operated on the U-233 
thorium cycle if good burnup is to be achieved. 

An alternative way of achieving high burnup has 
been pointed out by Dr. W. B. Lewis. He suggested 
that U-235 should be burnt in reactors of high con- 
version ratio (0-9) such as heavy-water reactors and 
that by using the U-233/Th cycle with thorium oxide 
fuel elements, burnup of well over 10000 MWD/t 
should be achieved. At US prices of U-235, fuel costs 
could be reduced to the order of 1 mil. 


1.4 Fast reactors 

The problems of reactors using the upper end of 
the fission neutron spectron are completely different 
from those of thermal reactors. 


The computation of critical core sizes by purely 
mathematical methods at first led in the UK to results 
which were uncertain to 25 per cent. Since that 
time we have constructed two zero energy reactors, 


ZEPHYR and ZEUS, fuelled by plutonium and U-235 
respectively and our knowledge of the behaviour of 
fast reactors has greatly increased. 

Important measurements have also been made on the 
variation of the fission rates throughout the core and 
blanket, in Pu, U-235 and U-238. It was found that 
the fission of U-238 contributes in an important way 
to the neutron economy of the reactor. The overall 
result was that in the uncooled, undermoderated 
ZEPHYR, breeding gains of over two were obtained. 
In a future high-powered plutonium fast reactor, the 
achieved breeding gains are likely to be between 1-6 
and 1-7, ZEPHYR work has recently shown that with 
a Pu core and thorium blanket, 1-6 atoms of U-233 
are formed for each Pu atom destroyed. 


3 Problems of solid state physics 

Problems of solid state physics or metallurgy are 
even more important than those of nuclear physics: 
the most difficult of all is the development of a reli- 
able fuel element. 

The first commercial graphite-moderated gas-cooled 
reactors will operate with fuel element surface tem- 
peratures somewhat over 400°C and central metal 
temperatures below the alpha-beta change point of 
665 C. Sodium-graphite reactors and fast reactors will 
probably have metal surface temperatures of 500°C, 
whilst future reactors depending on cermet or oxide 
fuel elements may operate at much higher tempera- 
tures. 

The study of radiation damage in any new set of 
circumstances may require a total effort of at least 
200 man-years. A good deal of this goes into the pre- 
paration of specimens having different alloy constitu- 
tions and different heat treatments. Loops have to be 
prepared for containing and cooling the specimens 
in a testing reactor. These loops have to be provided 
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with thermostatically controlled temperature condi- 
tions. 

After the irradiation, the specimens are highly 
active and must be examined by remote viewing 
behind thick concrete walls and handled by remote 
control. For this purpose, television has been used 
successfully at Harwell. 

Low temperature radiation damage can lead to 
severe distortion of uranium. We are still very 
far from understanding this phenomenon though it 
undoubtedly results from the complicated ortho- 
rhombie erystal structure. The large-scale effects can 
cause a uranium rod to stretch in length or to shrink 
several inches depending on crystal orientation (Fig. 
3). A single erystal of uranium changes its shape 
markedly under radiation, just as though the uranium 
atoms flowed through the erystal stimulated by the 
local heating due to the high speed fission fragments. 
Che immediate solution for uranium fuel elements to 
he operated at temperatures of the order of 400°C is to 
heat treat the metal so as to reduce the grain size 
and to obtain random orientation of the crystals in 
wrought bars. This very greatly reduces the distortion 
of the uranium rods and it is now felt that this dis- 
tortion will not be the limiting factor in the burnup 
achieved in graphite reactors of the Calder or CEA 
type. 

At the higher temperatures which are likely to be 
characteristic of the fast reactor or sodium-graphite 
reactor the uranium is more plastic and we now 
encounter a different problem due to the pressure 
exerted by the fission gases. They appear to migrate 
to particular localities and to form high-pressure gas 
pockets which cause bulk swelling of the metal. If 
the metal is unrestrained the increase of volume may 
be as much as 40 per cent at 800°C. An immediate 
experimental answer to this form of distortion may be 
to provide a strong sheath. In this way the growth 
may perhaps be kept down to about 5 per cent. The 
full-seale fast reactor may well require a liquid fuel. 

Another important problem is the effect of irradia- 
tion on mechanical strength and creep. At Geneva 
a Russian paper pointed out that under irradiation 
creep increased in some circumstances by a factor of 
the order of 1-5 to 1. Dr Cottrell has investigated this 
effect by irradiating loaded uranium springs in BEPO 
and he finds that during irradiation at 100°C the metal 
can creep slowly (0-1 per cent in a year) under stresses 
that are only about one-hundredth of the normal 
creep stress of the metal at that temperature. This 
could be important in particular reactor designs where 
the uranium was heavily stressed. 

Similar problems arise, though not in such an acute 
form in the case of most metals used under strain in 
reactors. An obvious example is the possible effect 
of radiation on the breaking strength of the pressure 
drum containing the reactors. 

The effect of radiation on solid moderators is 
another important problem. The most striking effect 
has been found in the irradiation of graphite. 
Graphite crystals grow in one direction and contract 
in another due to the formation of interstitial atoms 
by neutron impact. 

The result is that bulk graphite grows by 0-05 per 
cent during a year in a flux of 10% neutrons/sq.em. 
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sec at a temperature of 150°C. At the same time, there 
are striking changes in the physical properties such as 
thermal conductivity, which is reduced by a factor of 
7 under such conditions. The effects depend strongly 
on temperature since at high temperatures the damage 
anneals out as it is produced. 

Along with this so-called “ Wigner growth,” goes 
a storage of energy due to interstitial atoms. At a 
temperature of 100°C and an irradiation of 1 year at 
10° neutrons/sq.em./see the stored energy is 110 
calories per gram; at 30°C it is 190 calories per gram. 
A large part of this energy can be released by heating 
the graphite above the irradiation temperature. The 
graphite specimen will then show a quite spectacular 
spontaneous heating. 

We still have a great deal to learn about the storage 
mechanism and behaviour at high temperature 
particularly about the reason why part of the stored 
energy does not cancel out. 


4 Chemical Problems 

One important group of problems is concerned 
with the compatibility of the materials used in reae- 
tors, particularly that of coolants with fuels, modera- 
tors and canning materials. 

In gas-cooled graphite-moderated reactors the prin- 
cipal compatibility problem is that of CO. with 
graphite. The reaction could lead to the formation of 
carbon monoxide and to some mass transfer of carbon 
from one part of the reactor and its cooling circuit to 
another. The reaction rate increases with radiation 
and a loop has been operating for some time in BEPO 
to study the magnitude of the effect. The results have 
shown that at the graphite temperatures we may 
expect in Calder Hall, and in the future CEA reactors, 
the effects are not likely to be significant, but they 
might prove to be a limiting factor in raising the tem- 
perature of the reactor core well beyond 400°C. In 
order to make higher temperatures possible with CO, 


i 


Fig.3 the effect of 850 thermal cycles on a 
cast uranium bar. Reading from top to bottom: 
as cast, hot rolled, cold swaged, beta 

annealed, beta quenched 
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as a coolant it would probably be necessary to find 
means of reducing the porosity of the graphite. 


In water-moderated reactors the principal problem 
is the compatibility of hot water with uranium, for 
if a fuel element sheath develops a leak it must not 
be possible for a rapid attack of the fuel to take place. 
Experiment has shown that unalloyed uranium is 
attacked far too rapidly to be tolerated and if metal 
fuel elements are used it is necessary to resort to alloy- 
ing to reduce the corrosion rate. This increases the 
neutron absorption markedly and a preferable alter- 
native for civil reactors is to use sintered uranium 
oxide fuel elements, since they are very resistant to 
attacks by hot water. 

The hot water must also be compatible with the 
fuel element sheath and to achieve this the US have 
developed Zircaloy—an alloy of zirconium. Research 
is proceeding at Harwell on a range of aluminium 
alloys which might withstand the conditions in water 
reactors. If successful, these would lead to a reduction 
in fuel element costs. 


Compatibility must also be achieved with the pres- 
sure vessel and external circuit material. An obvious 
but expensive method is to use stainless steel through- 
out or at least for linings. However, this is difficult to 
decontaminate from fission products and is liable to 
stress corrosion. It may be possible, as a result of loop 
tests now proceeding and adequate control of water 
conditions, to use mild steel. 


In sodium graphite reactors the hot sodium is com- 
patible with uranium metal fuel, so one compatibility 
problem is removed. On the other hand the sodium 
must not be allowed to penetrate the pores of the 
graphite or too much reactivity would be lost. One 
possible solution is to can the graphite in hafnium- 
free zirconium. 


Unfortunately, zirconium is a very good ~ getter” 
for oxygen and so will take up any oxygen leaking 
into the system. Oxide leads to embritthement and so 
the oxygen content of the sodium must be kept below 
10 parts per million. This difficulty may well force 
the designer to use a calandria design. 


Compatibility problems are still more acute in the 
aqueous homogeneous reactor, for it has been found 
that the corrosion rate of the zirconium vessel holding 
uranyl sulphate 
with radiation intensity. 


the core fluid increases strongly 


In solid fuel reactors, chemical problems arise from 
the need to recycle fuel if overall burnups of the order 
of 10,000-20,000 MWD/t are to be achieved in future 
nuclear power systems. The well-known aqueous sol- 
vent extraction processes are likely to be used and in 
large-scale plants are likely to achieve low separation 
costs—of the order of £1,000 per ton of uranium metal 
processsed. This has to be compared with an initial 
fuel element cost of £15,000-£20,000 per ton. The 
separated plutonium will now have to be refrabricated 
in closed boxes, because of its toxicity. Here is a good 
opening for automatic remote-controlled fabrication. 
We do not yet know the costs of refabrication under 
these conditions, but development work is proceeding 
to determine this. 


Quite different chemical processing methods will be 
required for the breeder reactors. The fast breeder 
will possibly require a large number of recycles in the 
life of its expensive fuel owing to the severe radiation 
damage. Aqueous processing methods require the 
fuel to cool for 100 days or so to allow the radiation 
level to decrease. These two factors will probably lead 
to unacceptably high fuel investments and processing 
costs so that chemists are now working on pyro- 
metallurgical processes—-which essentially consist of 
melting the fuel elements, skimming off the wast 
products and reforming. This is likely to be a lengthy 
development job. 


In thermal breeders such as the aqueous homo- 
geneous reactor and the liquid-metal-fuelled reactor. 
continuous processing of the core is possible in prin- 
ciple and work has been proceeding on this for som: 
time. 


When the UK nuclear power stations reach an 
output of 20000 MW they will be producing about 
6 tons a year of radioactive fission products. This is 
not a large volume—certainly it is small compared 
with the volume of ash from present UK power 
stations. We can, therefore, deal with the problem 
by evaporation and storage in large stainless-steel! 
tanks of the type we now use at Windscale. Geneva 
papers, particularly from Hanford, showed that stor- 
age would contribute only one or two per cent to the 
cost of nuclear power. 

The waste products do, however, contain radioactive 
isotopes, which are potentially valuable. Caesium 137 
which emits a 600 keV gamma ray and has a half-life 
of 33 years is an important example. 


The Windseale research laboratories are now separ- 
ating caesium 137 on a pilot scale and the product is 
soon going to be used to provide kilocurie sources for 
radiotherapy in hospitals. Caesium might well in time 
replace 200 KV X rays for therapeutic treatment. 
Other potential applications are to industrial pro- 
cesses and here sources of the order of a million curies 
might be available by the 1960's. 


The development of nuclear power requires an 
intensive programme of research and development 
continuing over at least the next two decades. At the 
present time the Atomic Energy Authority employs 
about 1000 qualified scientists and technologists—a 
little over two per cent of the total research and 
development staff of this country, and about one-tenth 
of the US effort. In view of the magnitude of the 
nuclear power programme and the fact that it is basic 
to our whole economy this does not seem to be an 
undue proportion of our resources. 


The effort is now being supplemented by industry 
in the design of nuclear power stations and as the 
programme builds up, their share will increase. Given 
this additional effort, there is little doubt that nuclear 
power will make a substantial contribution to our 
energy resources by 1965 and that its contribution 
will grow rapidly in the second decade. 


s article is based on Sir John's opening address on July 3 to a confere 
n tr phy of nuclear reactors organised by the Institute 
Physics in collaboration with the British Nuclear Energy Confere 
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Protection of plant and personnel 
in the event of any fault condition 
is an essential part of reactor design 


The safety of reactor control schemes 


THE DYNAMIC PERFORMANCE of a reactor con- 
trol system may be analysed by the conventional 
servo-mechanism techniques, but before approaching 
the problem in this detail there is a wider aspect of 
reactor control which must be considered. In general 
only a small fraction of the controllable reactivity 
change is vested in the normal minute-to-minute con- 
trol of the reactor, the larger part being associated 
with reactor safety under abnormal conditions. — It 
is with this aspect that this paper primarily deals. 

The philosophy outlined is drawn from world- 
wide experience in reactor technology, and some ex- 
amples are quoted from British practice. 


1. The reactivity worth of the contro! system 

The total controllable reactivity change of a re- 
actor should ideally be capable of keeping the reactor 
just critical under all conditions of inherent or un- 
controlled reactivity change, plus a small margin to 
ensure that sufficiently speedy reduction in neutron 
flux can be achieved even under the most inherently 
reactive condition. When considering what the most 
reactive condition can be, account must be taken not 
only of the inherent reactivity changes resulting from 
reactor operation, such as temperature effects, fuel 
depletion, and fission product change, but also any 
foreseeable fault conditions which could conceivably 
arise. For example, accidental expulsion of liquid 
coolant from a system either by leakage or boiling, 
would, if this coolant were a significant neutron 
absorber, increase the reactivity as well as impair 
the heat removal. The removal of an experiment 
absorbing neutrons and its replacement by reflecting 
or moderating material would similarly lead to posi- 
live reactivity change. It is good practice to add a 
further safety margin to account for possible failure 
of individual units of the control element group and 
to permit safe maintenance of the control system. 

The reactivity range of inherent effects will vary 
widely with the reactor type and its mode of opera- 
tion. In reactors of modest maximum flux, say 10'* 
n/em*/see, fission product poison build-up presents 
no problem, but may require a control investment 
of as high as 20 per cent in reactivity for a reactor 
working with a peak flux of 10'* n/em?/see. 

This method of assessing the control investment 
required is much idealized, and in fact it may be diffi- 
cult to find sufficient space in the reactor to accom- 
modate this amount of control. Indeed, it may be 
very bad neutron economy to do so. This apparent 
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contradiction can only be resolved when the opera- 
tional programme of the reactor is known, since 
continuity of operation and manoeuvreability from 
one power level to another are involved. If discon- 
tinuity is permissible, transient phenomena such aa 
fission product poison build-up lose much of their 
importance, a small reactivity can be “ built-in” to 
the reactor by using less fuel, and a small control in- 
vestment accepted. This will however be unable to 
get the reactor out of the sub-critical region during 
the peak of the poison concentration transient. This 
state of affairs, known as “ poison-out” would 
obviously be unacceptable in, for example, a military 
propulsion unit, where continuity of operation is a 
factor of paramount importance. In this case the 
built-in reactivity of the reactor must be made suffici- 
ently large to over-ride the poisoning and the control 
investment sufficient to cope with the built-in reac- 
tivity. This over-ride is not the complete solution to 
the problem, for if the reactor is started up at peak 
poison concentration the destruction of Xe'*’ to Xe'”® 
by increased neutron flux reduces the poisoning so 
rapidly as to give a reactivity addition rate which 
might be embarrassingly high. The xenon concen- 
tration thus represents a de-stabilizing influence on 
reactor control. 


2. Control rates 

There is no hard and fast rule which defines the 
maximum rate of reactivity addition or removal 
which should be possible, but it is generally accepted 
that a limit exists. This limit is dependent on the 
speed of operation of the safety devices and on the 
physical limitations of reactor components, particu- 
larly fuel elements, as to the maximum power or 
temperature conditions which they can support. It 
is naturally also dependent on the inherent reactivity 
changes, which may provide some form of automatic 
limitation to the addition rate which is possible. The 
general philosophy which the chosen control and 
tripping rates should satisfy is that power transients 
taking the reactor to dangerous temperature condi- 
tions must be subject to reliable trip action, and the 
energy input into the system during a power over- 
shoot after tripping must be limited. The reliability 
of trip devices is involved, and the rates chosen will 
depend, for example on whether reactor period trips 
at low powers are accepted as sufficiently reliable, or 
whether it must be assumed that only excess flux 


trips can be made completely “ fail-safe”. It may 
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THE SAFETY SYSTEM of a nuclear reactor must 
be designed 30 that the marimum possible reactivity 
conceivable under any combination of fault conditions 
can be removed and the reactor brought sub-critical 
hefore any catastrophic situation is reached. This is 
generally achieved by the primary shut-off system 
backed by a secondary or safety system. A third in- 
dependent system, controlled by some reactor ruriable 
such as fuel temperature is also recommended by the 
author. The form these controls should take is discussed 
and the system used in the DIDO reactor at Harwell 
is described, 

The importance of power measurement down to the 
lowest levels is emphasised and factors affecting the 
design and location of ionization chambers and neutron 
counters are considered, 


LE SYSTEME DE SECURITE dun réacteur 
nucléaire doit étre construit d'une maniére permettant 
d'éloigner la réactivité maxima qu’on peut imaginer 
pour une combinaison quelconque des sources d’avarie 
ainsi que de ramener le réacteur a la condition sub- 
critique avant qu'une situation catastrophique soit 
atteinte. Ceci se fait en général au moyen d’un systéme 
primaire @interruption, aidé par un systeme secondaire 
dit de sécurité, L’auteur récommande UVemploi dun 
troisiéme systéme indépendant, reglé par une des 
variables du réacteur, p.ex. la température du com 
bustible. On discute la forme des organes de réglage et 
l'on décrit le systéme employé dans le réacteur DIDO 
de Harwell, 

On souligne Vimportance de mesurer la puissance 
jusqu’aus niveaur les plus bas et l'on envisage les 
facteurs influant sur la construction et Uemplacement 
des chambres @ ionisation et des compteurs de neutrons. 


DAS SICHERHEITSSYV STEM eines Kernreaktors 
muss so konstruiert werden, dass die denkbar qgrdsst 
migliche Reaktivitat bei einer beliebigen Kombination 
von Fehlbetriebfaktoren weggeschafft und der Reaktor in 
den subkritischen Zustand iibergefiihrt werden kann, 
hevor eine katastrophale Lage erreicht wird. Dies wird 
meistens mittels eines primdren Ausschaltsystems 
bewerkstelligt, welches von einem sekunddren (Sicher- 
heits-)System unterstiitet wird. Der Verfasser empfiehlt 
auch ein dritltes unabhdngiges System, das ron einem 
Reaktorparameter, z.B. Brennstofftemperatur, gesteuert 
wird. Die Form einer derartigen Steuerung, sowie dus 
im Harwellschen Reaktor DIDO angewandte System 
werden beschrieben, 

Die Wichtigkeit der Leistungsmessung bis zu den 
niedrigsten Werten wird hervorgehoben, und es werden 
die fiir die Konstruktion und Aufstellung der Tonisa- 
tionskammern und Neutronenzdhler wichtigen Faktoren 
erértert, 


EL SISTEMA DE SEGURIDAD de un_ reactor 
nuclear debe disenarse de forma que sea posible eliminar 
la mdxima radioactividad que pueda concebirse en 
cualquier conjunto de condiciones defectuosas y hacer 
al reactor subcritico antes de que se lleque a una situa 
cién catastréfica. Generalmente, ésto es conseguido 
mediante el sistema primario de cierre, respaldado por 
otro secundario o de seguridad, El autor recomienda 
también un tercer sistema independiente, controlado 
por alguna variable del reactor, como por ejemplo la 
temperatura del combustible. Es discutida la forma que 
debertan adoptar estos controles y se describe el sistema 
empleado en el reactor DIDO de Harwell. 

Se subraya la importancia de medir la potencia hasta 
los niveles mds bajos y son considerados los factores 
que afectan el diseito y emplazamiento de las caimaras 
de ionizacion y los contadores de neutrones. 
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top face of reactor 


even be decided to regard no man-made trip as com- 
pletely adequate and to limit the rates of controlled 
reactivity addition to such as will be balanced by 
inherent changes such as temperature increase. This 
last approach implies very slow rates of addition 
indeed, because the thermal capacity of the reactor 
is usually large. For research reactors where tem- 
peratures are not unduly high, it is usual to rely on 
excess flux trips and these are therefore duplicated. 

If the speed of operation of the safety control ele- 
ments after trip is increased, greater reactivity addition 
rates before trip will be permissible, but actuations 
faster than provided by gravity require safety mech- 
anisms of increased complexity and consequently 
higher probability of failure. In research reactors 
where gravity is used a rate of addition of about 
one per cent in reactivity per minute is frequently 
met, though, as with the selection of the total invest- 
ment, each reactor must be considered on its own 
merits. 


3. The sub-division of control elements 

The control system of a reactor must not only 
make the reactor safe by making it, subcritical under 
fault conditions, but also provide the operator with 
a means of manoeuvre from one flux level to another. 
Control elements are therefore basically segregated 
into these two functions, though it may be convenient 
to employ mechanisms which combine both features. 
It is current practice to further subdivide that part 
of the control system associated with safety, in order 
to increase its reliability and provide uninterrupted 
safety under certain special operational conditions. 

The functions, already described, of being capable 
of making the reactor sub-critical in all foreseeable 
circumstances which might arise in the course of nor- 
mal operation, forms the first subdivision and _ is 
known as the primary shut-off system. This is 
backed up by a secondary or safety system which 
provides spare reactivity control available if the re- 
actor should diverge during a period when it should 
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normally be subcritical with the primary system 
exerting its full influence. This condition can arise 
when fuel loading changes are made, and this secon- 
dary system is provided because such changes are 
generally only slowly reversible in terms of the 
period which could be acquired by the reactor. 
Thirdly, it is desirable to include in the reactor a 
safety device entirely independent of the operator 
and the external trip circuits. Such a system could 
be operated by the change of some physical variable 
within the reactor, such as an excess temperature 
associated with the fuel, and would be non-self-re- 
setting. 


The basic safety need to limit reactivity addition 
rate implies both primary shut-off rods and secon- 
dary safety rods must have a controlled maximum 
speed throughout their travel. It may therefore be 
convenient to use the former as coarse control as well 
as shut-off devices in this of 
control is wanted. 


reactors where form 


For the normal control of a reactor. either manu- 
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sit 
ally or automatically, only a quite small amount of — is significant. This is shown in the Table below. ac’ 
reactivity is required to provide the controller with ex 
as wide a range of reactor period as may ever be GLEEP BEPO DIDO res 
needed. It is undesirable that large amounts be flu 
available for this purpose, as mal-operation might po 
lead to excessively short reactor periods and large _ >u//t-in reactivity of core per cent | 0°25 4 23-4 are 


power transients. The action of the controller may Primary shut-off system per cent 0-31 2-2 25 spi 
therefore be limited to a fine control system whose 


total reactivity worth is significantly less than the hig 
fraction of the delayed neutrons from fission. The Movement of rigid absorbers or fuel elements is DI 
primary shut-off system will certainly have a much "° always the most satisfactory method of exercis- oxi 
greater investment than this, and if it is used for '€ fine control. In homogenous reactors, for 


example, control can be achieved by varying the 


regulation it must be relatively insensitive in terms ©*#@" 
liquid fuel concentration. 


of travel per unit reactivity change. 
The range of control investment met in the 


primary system may be demonstrated by comparing 4. Desirable features of control mechanism design 
the research reactors GLEEP, BEPO, and DIDO, the When a control system is designed there are cer- 


last being a high-flux system where xenon poisoning tain features which should if possible be incorpora- 
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ted in the mechanism used in order to reduce the 
probability of complete failure of the system. For 
example, at least two types of mechanism should be 
used since it is not possible for any designer to postu- 
late all the possible causes of mal-operation to which 
He would naturally 
design each system to be proof against all foreseeable 


any one system may be liable. 


faults. This is probably a weightier consideration in 
research reactors than in power-generating plants, 
because of the greater flexibility required, and while 
the existence of two types of mechanism may not be 
vital, it is certainly convenient in engineering the 
two different functions of the primary and secondary 
svstems. 

For similar reasons it is preferable that each type 
should comprise a number of units, rather than that 
the total reactivity be vested in a single device. As 
before, this may not be vital, but practically it eases 
the maintenance requirements. 

Groups of elements covering one particular fune- 
tion should move in parallel together, the specified 
limit on reactivity rate being observed. With this 
arrangement, faulty connections cannot increase the 
maximum rate possible, which would be the case if 
sequential operation were permitted. Compressible 
fluids should be avoided as operating media since 
their use makes guarantee of a maximum rate 
difficult. 

Wherever possible natural forces such as gravity 
should assist shut-down. This may not always be 
possible for mobile reactors, but for stationary ones 
the principle is universally applied. 

As they are the “ 
the shut-down release features should be made as 


safety valves” of any reactor, 
simple and reliable as possible, and it is general 
practice to arrange that internal faults in any mem- 
ber of a group of control elements actuate the release 
mechanisms of the whole group. 


5. The design limitations of a practical system 

When considering a practical control system for a 
research reactor, the designer is faced with the com- 
peting requirements of other reactor users, and ideal 
control systems whose detailed performance is com- 
pletely predictable before the reactor is commis- 
sioned at very low power levels are rarely if ever 
achieved. The calculation of control absorption is 
exactly possible only for very simple geometries. In 
research reactors the trend is always towards higher 
fluxes and smaller reactor cores, with the maximum 
possible utilization of the volume of high flux in and 
around the core for experimental purposes. The 
space left to the control engineer is therefore limited. 

This is well illustrated by the control system of the 
high flux, D,O moderated, 10 MW thermal reactor, 
DIDO, now nearing completion at Harwell, and des- 
cribed at the Geneva Conference 1955. ' 


A general layout of the control system within the 
reactor structure is shown in Fig. 1. The control 
elements are six signal-arms forming the primary 
shut-off and coarse control, two secondary safety 
rods, and one fine control rod. An additional means 
of reducing the reactivity of the system is by dump- 
ing a sufficient volume of heavy water to remove the 
top reflector without impairing the fuel coolant 
system. 


In this reactor the preferable geometry of control 
surfaces moving parallel to the axis of the core could 
not have given the large control investment required 
in the space available. An axially moving system 
oblique to the core might have made the control 
drive mechanism simpler, but was unacceptable 
because of the fact that two gas seals would have had 
to be penetrated, the high purity helium blanket for 
the heavy water, and the helium atmosphere of the 
outer graphite reflector. The only remaining alterna- 
live giving reasonable ease of removal for mainten- 
ance etce., is that chosen, a signal-arm type of element 
pivoted at one end and traversing an are of some 
56°. The calibration of the elements will be experi- 
mentally determined. For design purposes, as a first 
order approximation, it has been assumed that con- 
trol will be directly proportional to absorbing surface 
area within the core, and the mechanism has been 
designed to give as nearly as possible a linear rela- 
tionship between this and angular displacement. 
Special care has been required in the design to en- 
sure that no overtravel beyond the most absorbing 
position is possible under normal operation, though 
it is unfortunately necessary to do this for mainten- 
ance removal. This has been reflected in the design 
of interlock circuits permitting only one arm to be 
so dealt with at one time, and fuel may have to be 
removed before carrying out this operation because 
of the large reactivity investment of each control 
arm. Space is restricted not only within the core, but 
in the surrounding working spaces within the reactor 
building including the control room, and rather than 
control the six coarse control arms by six indepen- 
dent servo-mechanisms, it has been found more con- 
venient to actuate all six as slaves from a single 
master unit, from which position indication is taken. 
This has required the development of a unit moni- 
toring quite small misalignment between any of the 
slaves and the master. Fig. 2 shows a plan view of 
the layout of the arms, and Fig. 3 a schematic 
diagram of the drive system. 


The safety rods, controlling only 3 per cent in re- 
activity, are outside the reactor core, and are much 
more conventional in design. The fine control rod, 
also of conventional axial travel, is complicated by 
the need for continuous cooling during operation. 
Fig. 4 shows the design used to achieve this. 





In the article on zone melting by J. E. Antill in last month’s issue, there was an error in the 
caption to Fig. 3—in the second line the word should be “ decontamination ”. In Fig. 7 it was 
not made clear that the upper photomicrograph was of a natural uranium bar before zone 
melting while the lower one showed conditions at the top of the bar after zone melting. 
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Scotland's share 
in nuclear energy by a special correspondent 


Would a separate AEA help ? 


SCOTLAND HAS been interested tradi- 
tionally in heavy engineering activity, 
to an extent which resulted in the loss 
of the newer assembly and light fabrica- 
tion industries that emerged in the post- 
1918 period. This situation has now been 
redressed to some extent, although auto- 
mobile and aircraft engineering appear 
to have been largely lost to the English 
Midlands. The advent of atomic power 
raises a number of obvious questions of 
particular interest to Scottish industry. 
Can Scotland claim a full share of the 
work involved in this new field? What 
progress has, in fact, been made in this 
industry? What are the forward pros- 
pects? 

These questions can be answered sim- 
ply and with relative ease. By and large, 
considerably by the work made available 
Scottish industry has already benefited 
by the atomic energy programme, both 
insofar as fabrication and civil engineer- 
ing are concerned. What is now needed 
is a steady flow into Scotland of con- 
tracts both on the mechanical and civil 
engineering sides of the programmes, and 
so far the indications are that the work 
is available for the firms which wish to 
share in it. 

It might also be suggested that con- 
siderable progress has been made tech- 
nieally, insofar as accumulation of ex- 
perience is concerned, 

On the third point-—it is a fair assump- 
tion that the prospects will continue to be 
favourable provided that leaders in the 
relevant industries continue to demand 
and secure an adequate share of the 
work involved; and that in turn will 
depend on the energy with which they 
pursue the training and cultivation of 
personnel competent to handle such 
work, 

On this last point it is worth noting 
that the courses offered by the Royal 
Technical College (and by other Scottish 
bodies) on nuclear engineering have been 
very fully subscribed to by Scottish in- 
dustrialists. What is particularly encour- 
aging is the fact that many of the larger 
firms are sending senior executives to en- 
sure that top management is informed on 
the scope, the conditions, the needs and 
the work which will be involved in this 
field. 

The Seottish Council (Development 
and Industry) has taken a leading part in 
the encouragement of interest in this 
field and prepared some time ago a sum- 


mary of some 80 firms concerned to take 
part in this developing field; all were 
established concerns in their own field, 
producing general output as well as 
specialised equipment of a type involved 
in the new programme. 

Scotland is already represented in this 
connection and has a number of firms 
already actively engaged on atomic 
energy work both on fabrication and on 
civil engineering. Babcock and Wilcox 
Ltd are an example of such a unit while 
Whatlings Lid are actively engaged on 
the civil engineering contract at Doun- 
reay. There are many other firms with 
interests in this work and The Mother- 
well Bridge and Engineering Co Ltd, 
John Brown and Co Ltd, George Scott 
Ltd and Henry Balfour and Co Ltd of 
Leven, Alexander Findlay and Co Ltd 
of Motherwell, Barr and Stroud Ltd of 
Anniesland, G. and J. Weir Ltd of 
Catheart, are among the firms whose in- 
terest has already been indicated and 
whose normal work makes them parti- 
cularly suitable and competent to handle 
this newer work. There has been a very 
considerable number of sub-contractors 
involved already, handling valves, pipe- 
work, plating and metal-finishing, provid- 
ing instruments and other accessories 
making it clear that the activity is ex- 
tending steadily and that many more 
firms than the original 80 prospects are 
sharing in the work. 


There are admitted problems and 
limitations, One aspect which has been 
stressed is that all the research and plan- 
ning work has so far been done in Eng- 
land. This has prevented the creation 
and development in Scotland of design 
teams in atomic engineering. It has also 
attracted from Scotland, men who could 
usefully have been retained in their own 
firms for the same type of work, had 
that been possible through the location 
in Scotland of an official planning and 
development headquarters. 


Because of the need to ensure that 
such experience is gained in the early 
stages of development, the Scottish Coun- 
cil has welcomed the location in Scot- 
land of atomic energy stations over the 
period of early activity, on the grounds 
that engineering concerns here can grow 
up with the new industry, meet the pro- 
blems inherent in its economic and tech- 
nical mastery, and gain the invaluable 
experience which only such a_ process 


permits. It has been urged by some 
interests for instance that there should 
be a Scottish Division of the Atomic 
Energy Authority; the selfish reasons are 
the difficulties which certain firms have 
experienced in making the right contacts 
from a distance 400 miles from the 
centre of research and development 
activity; the broader argument is that 
lack of such a Division handicaps Scot- 
land in the race for a share in world 
markets which will accrue over the next 
50 years. The Scottish Council (Develop- 
ment and Industry) view is that ‘if the 
generating stations can be brought here, 
and if adequate liaison is maintained 
between firms and the Electricity Autho- 
rities, and if firms take adequate steps to 
recruit properly trained men, then the 
work will flow naturally to Scottish 
industry. When the Scottish Council 
made an approach to the Authority with 
regard to placing of contracts in Scotland 
they met with a satisfactory response in 
a share of perhaps 10 per cent of the 
initial contract. There was no resistance 
to the placing of such work in Scotland 
but rather a lack of appreciation that 
Scottish firms could undertake the con- 
tracts. That situation has been corrected 
in the later work at Dounreay and 
Annan, on which Scottish firms are to 
be very fully employed. But that still 
leaves unsolved—some others contend 
the need for a_ central authority 
in Scotland to coordinate research, de- 
sign and technique, to advise and assist 
experienced and suitable firms to under- 
take the newer work, and to campaigu 
for the development in Scotland of a 
nuclear engineering industry as such. 

There are further implications in 
terms of loss of younger scientists and 
technicians. The Scottish universities 
and colleges have been feeding graduates 
to England and abroad for years 
largely because of the lack of suitable 
research appointments in Scotland. That 
situation has been corrected in the 
sphere of hydro-electricity and electro- 
nics by the creation of sturdy growing 
industries encouraged by the fact of local 
activity. Hydro-electricity in particular 
has given an immense amount of work 
to local firms as well as to national con- 
cerns and has been the means of keep- 
ing many Scottish firms alive and grow- 
ing. The need is for a similar situation 
in atomic engineering, and that might 
mean the location within Scotland of a 
Division of the Authority. If undue em- 
phasis has been placed on this aspect of 
the current activity it is justified by the 
necessity for action within the near 
future to ensure that Scottish engineer- 
ing is fully informed of all the develop- 
ments, and is to acquire the ‘know 
how’ to play its full share. 
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Heat recovery from reactors 


For steam raising, nuclear heat can be used alone or in 


mbination with fuel heat. 


This leads to several possible 


irrangements, the relative merits of which are discussed 


P. Chambadal and J. P. Roux of Electricité de France 


FOR REACTOR STABILITY, the heat released must 
be removed continuously by means of circulating 
fluid which, according to its nature and pressure, can 
be used in either an open or closed circuit. 

Among the factors which influence the transforma- 
tion of a given quantity of heat into work one of the 
most important is the temperature at which it is 
available. This not only determines the energy avail- 
able from the hot fluid; it also influences the choice 
of fluid. 

The expression for the available energy in a work- 
ing substance can be shown to be: 

W =H, -H,-T,(S, -S,) 
H, and H, being the initial and final enthalpies of 
the fluid and S, and S, the corresponding entropies. 
The initial temperature T, determines H, and S, so 
that W depends on 7,. 

This expression is, of course, applicable only to 
ideal cycles: under real conditions, the choice of 
working fluid can influence the work done. When the 
initial temperature T, is sufficiently high the working 
fluid may be a vapour or a permanent gas (i.e., one 
which does not condense during any part of the 
cycle): if it is relatively low, however, the latter must 
be ruled out. For example, steam turbines have 
worked for many years at inlet temperatures of 
200-300°C; a gas turbine under these conditions 
would have a negative efficiency. At the moment, re- 
actor coolant temperatures are still too low to allow 
heat recovery in a gas turbine: this can only be done 
using steam. This alone, however, is insufficient to 
define the exact method, for such an installation can 
be realised in several different ways. 

These fall into two classes : — 

|. there may or may not be an additional external 
source of heat. 

2. the heat can be supplied to water or steam. 

Four possibilities are therefore open, shown dia- 
grammatically in Fig. 1. It will be shown that the 
choice between them is partly determined by a 
peculiarity of nuclear because the heat 
source is strongly radioactive, the recovery system 
must satisfy not only the normal considerations of 
efficiency, economics ete. but must be designed to re- 
duce maintenance to the absolute minimum—so far 
as the radioactive part of the plant is concerned. 


energy : 


1. Steam direct from nuclear heat 


Suppose the reactor coolant is a gas which, on 
leaving the reactor is taken through a steam genera- 
tor (waste heat boiler). This comprises feed heater, 
evaporator and possibly a superheater, but to sim- 
plify matters, let us ignore the latter and assume that 
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the steam is merely dry and saturated. Furthermore. 
let us ignore the drop of temperature required for 
heat transmission. Finally, assume that expansion 
takes place in a perfect turbine. Under these ideal 
conditions and for a given condenser outlet tempera- 
ture (e.g. t, 30°C) the efficiency of the recovery— 
the ratio of work done to heat supplied — depends 
only on the initial temperature of the gas t and of 
steam temperature © (i.e., saturation temperature). 
The variation of these two parameters is shown in 
Fig. 2. It can be seen that for moderate values of t 
the curves + f (0) are vertical parabolae, the 
maxima defining the optimum value of © correspond- 
ing to the given temperature t. But the curves t = 
400° and 450°C show to the right of the maximum, 
a minimum after which they rise to a limit corres- 
ponding to the critical temperature of water (374°C). 
For ¢ = 500° and 550°C the maxima and minima dis- 
appear but the curves have points of inflection. 
Finally, for ¢ = 600° and 650°C the maximum re- 
appears. For this last curve, all the available heat is 
transmitted to the water so that , becomes the same 
as the maximum efficiency of the saturated steam 
cycle: this corresponding to 0 = 350°C, is 40-6 per 
cent. 


without fuel 





4 4.1 direct use 
4.2 indirect use 


hot 
steam water 


with fuel 


Fig.1 ina heat recovery system, heat may be 
applied to steam or to water: it can also come 
only from a reactor or be supplemented 

from conventional fuel 


This allows us to find for every value of t the opti- 
mum value of 0 and the maximum value of + (Fig. 3). 
The variation of ©,,; as a function of t is shown by a 
sloping straight line and two horizontal lines. The 
variation of ymax with t is represented by two curves 
intersecting at a point where t = 405°C. This corres- 
ponds sensibly to the limit of available temperatures 
at the exit from a reactor; the region in which we 
are interested lies to the left of this point. 
approximately 


Here 


Oot = 164+ 0475 t 
and ymar 0006 t 
The dashed line gives the values of », which would 
obtain if all the available energy in the hot gas trans- 
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HEAT FROM A NUCLEAR REACTOR may be 
used to raise steam either alone on in combination with 
an external source of fuel heat. In addition, the heat can 
he supplied either to water or to the steam. Thus, four 
possible methods of steam raising are possible. A very 
promising method is that of using nuclear heat only for 
feed water heating, with a conventionally fired boiler 
supplying evaporation and superheat, It is shown that 
this is thermodynamically equivalent to continuous feed 
heating by bled steam. Another method is by using flash 
steam boilers in cascade, A description of the power 
plants of the French G1, G2 and G3 reactors at Marcoule 
is included 


ON PEUT UTILISER LA CHALEUR des réacteurs 
nucléaires pour la génération de vapeur sans ou avec 
une source extérieure de chaleur dérivée dun com 
bustible. kn plus, cette chaleur peut étre délivrée a eau 
ou ala vapeur. Done il existe quatre possibles méthodes 
de génération de vapeur. La méthode qui parait pro 
mettre de meilleurs résultats est celle oi Von utilise la 
chaleur nucléaire chauffer Veau 
Vévaporation et le sur- 


seulement pour 
Talimentation, tandis que 
chauffage se font dans une chaudiére normale. On 
montre que, du point de vue de thermodynamique, ce 
systéme est équivalent a celui oi V'eau d’alimentation 
est chauffée d'une manié¢re continue par vapeur épuisée. 
Une autre méthode est celle employant des bouilleurs en 
cascade, On décrit les centrales électriques des réacteurs 
1, G2 et G3 de Marcoule (France). 


KERNREAKTORWARME KANN ENTWEDER 
allein oder zusammen mit einer dusseren Brennstoff- 
wirmequelle cur Dampferzeugung angewandt werden, 
fusserdem kann die Werme entweder dem Wasser oder 
dem Dampf cugefiihrt werden. Es gibt somit vier 
migliche Dampferzeugungsmethoden, Ein sehr aus- 
sichtsreiches Verfahren besteht darin, dass Kernivdrme 
nur cur Speisewasservorwdrmung benutzt wird, wobei 
Verdampfung und Uhberhitzung in einem iiblichen 
Dampfkessel erfolgen. Es wird gezeigt, dass dieses 
Verfahren thermodynamisch der kontinuierlichen 
Speisewasservorwdrmung mit Abdampf gleichivertiq ist. 
In einer anderen Methode werden ** Flash’’-Dampfkessel 
in Kaskaden angewandt. Zum Schluss werden die 
Kraftanlagen der franzésischen Reaktoren G1, G2 und 
(73 in Marcoule beschrieben. 


EL CALOR DE UN REACTOR NUCLEAR puede 
utilizarse para generar vapor, bien por si solo o en 
combinacion con una fuente exterior de calor de com- 
bustibte. Ademds, el calor puede aplicarse al agua o al 
vapor. Por lo tanto, existen cuatro métodos posibles de 
generar vapor. Uno de ellos, muy prometedor, consiste 
en usar calor nuclear inicamente para caldear el aqua 
de alimentacion, con una caldera de atizaje corriente 
proveyendo evaporacion y supercalor. Se demuestra que 
ésto es equivalente termodindmicamente a un continuo 
caldeo preliminar por vapor de derivacién. Otro método 
es mediante el uso de calderas de vaporizacion instan 
tinea en cascada, Es incluida una descripcion de las 
plantas generadoras de los reactores franceses G1, G2 4 
G3 de Marcoule. 
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formed into electricity; in other words, it shows for 
every value of t the ratio of usable energy to the total! 
heat in the gas. It can be seen that although we have 
stipulated ideal conditions, the efficiencies obtained 
are distinctly lower than their theoretical limit. 

It is possible, however, to improve them. In the 
coolant line from the reactor several heat exchangers 
might be placed in series supplying steam at different 
pressures. For a given gas temperature and a given 
number of heat exchangers, the optimum values o! 
these pressures could be found and it is easy to show 
that the total efficiency is dependent on the number 
of stages. 

Although there is a given flow at a given initial 
temperature in the usual waste-heat recovery plant 
in a reactor, it is not the mass flow but the heat flow 
which is settled in 
quantity of heat we can either have a high mass flow 


advance. To remove a given 
with a small amount of temperature rise or vice versa. 
From a view the first 
solution is preferable but a high mass flow means an 


thermodynamic point of 
increase in pumping power and this is permissible 
only when the fluid is a liquid because the power 
required is then only a small fraction of the total 
output. A water cooled reactor; for example, can 
have a high mass flow of coolant and the heat can be 
recovered in a single heater. 


It is otherwise when the coolant is a gas because 
the blowers absorb a considerable fraction of the 
total output. The power can be reduced by cutting 
down the mass flow, but to maintain the same heat 
removal the inlet temperature 
lowered somehow. This would lead to a reduction in 


would have to be 
outlet temperature and hence of steam pressure and 
gross output. Reduction of gas flow has, therefore. 
two contrary effects on the net power output so that 
for any given case there exists an optimum value. To 
increase the net power several heat exchangers must 
be used in series and the optimum gas flow varies with 
their number. 


2. Steam from reactor and combustion heat 

Heat supplied by fuel combustion can be used to 
If the coolant is 
water, however, the process can only have limited 


add heat to the reactor coolant. 


applications, for the temperature cannot exceed the 
critical value of 374°C. On the other hand if the 
coolant is a gas its reheating requires a large amount 
of surface which complicates the installation. — In 
these two cases the use of a conventional fuel would 
seem to be ruled out. 


It is possible, however, to transmit the combustion 
heat to the working fluid direct so as to superheat 
it. This will use very much less fuel and provide a 
high efficiency but the superheater does involve a 
complication. 


3. Nuclear heat for feed water heating 

Nuclear heat can be used not to produce steam but 
for feed water heating. As the temperature of the 
coolant leaving the reactor is only moderate, this can 
be done without involving too big a temperature drop 
between the heating and heated fluids. The fuel heat 
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Fig.2 ideal efficiency (+) of the saturated 
steam cycle depends on gas temperature 
t and on steam temperature © 
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Fig.3 cross-plotting from Fig. 2 leads to a 
representation of the maximum attainable 
efficiency and optimum steam temperature 


can be used for evaporation and superheating; the 
nuclear heat only for sensible heat. 

\t first sight this process does not appear very 
interesting because it would seem to deprive the 
installation of the benefits of bled steam feed heat- 
ing from the turbine. Let us examine the tempera- 
ture/entropy diagram of an ideal steam turbine work- 
ing without bleeding (Fig. 4). The area A BC DE 
represents the work done by one kg of steam and 


the area A’ A B CD D’ the corresponding heat 
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used. The ratio of these two areas defines the cycle 
efficiency. 

If the turbine is fitted with continuous steam bleed- 
ing for heating condensate from temperature T, to 
temperature T,, the cycle will be practically equiva- 
lent to the cireuit F B C D E and its efficiency will 
be very nearly the ratio of the areas F B C D E to 
B’ B CD DD’. By substituting nuclear feed-heating a 
cycle is obtained where the work done by one kg of 
vapour is given by the area A B C D E (as in the 
eycle without continuous bleeding) while the heat 
supplied by the fuel is given by the area B’ B C D 
D’ (as in the bled steam cycle). This new eycle com- 
pared with a bled cycle supplies extra work repre- 
sented by the area A B F. and this represents exactly 
the energy obtainable from one kg of water at tem- 
perature T,. Thus the turbine will not only perform 
as if it had continuous bleeding but will provide 
extra work equal to all the available energy in the 
hot water supplied by nuclear heat. 

Fig. 5 shows the layout of an installation of this 
kind. The reactor at 6 comprises a double shel! 5 
through which circulates the coolant. This passes 
through an exchanger 4 in which it gives up its heat 
to the feed water which then passes through a con- 
ventionally-fuelled boiler where it is turned into 
steam for the turbine 1. After leaving the condenser 
2 it passes through a feed pump 3 and so back to the 
feed heater 4. A_ similar installation could be 
arranged comprising additional bled steam heaters 
placed up and downstream of the nuclear heat ex- 
changer. The downstream one supplies the additional 
heat when the temperature of the reactor coolant is 
not sufficiently high, while the upstream one can be 
used when the temperature of the coolant must not 
be allowed to fall below a certain value. 


4. Flash steam boilers 

As in the previous case the heat in the reactor 
coolant is transmitted to water which remains in the 
liquid state, but this time the water receives only a 
part of the heat coming from outside. Transmission 
of heat always demands a certain temperature drop, 
so that the heated water is necessarily at a slightly 
lower temperature than that of the coolant coming 
from the reactor. This drop, however, is the only 
one that we have in this scheme and its two variants. 

The first of these (4.1) corresponds to the direct 
use of hot water for the production of work. It con- 
sists in flashing hot water into steam actually inside 
a turbine during the expansion to condense vacuum. 
Theoretically there is nothing against this—under 
ideal conditions it would allow the recovery of all 
the available energy in the water—but, so far, 
attempts to build such a turbine have failed owing 
to the difficulty of keeping the temperature and pres- 
sure of the steam/water mixture at the saturation 
values in all the stages. 

It is, however, possible to recover the heat from 
the hot water in a simpler manner. This (4.2) con- 
sists in expanding in a turbine, not all the available 
hot water, but a small fraction of it previously trans- 
formed into steam at the expense of the heat in the 
water remaining liquid. The water reheated by the 
coolant from the reactor leaves the heat exchanger 
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the superheated steam cycle 
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Fig.5 using nuclear heat only for feed heating 
with fuel heat for evaporation and superheat 
(in the boiler on the right) leads to a cycle 
thermodynamically equivalent to one with 
continuous bled-steam feed heating 
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at a pressure at least equal to the boiling point of 
the liquid at the corresponding temperature. It is 
necessary only to pass this water through a flash 
boiler to obtain a simultaneous lowering of the tem- 
perature and pressure. This releases heat which effecis 
a partial evaporation of the liquid and the steam 
thus produced can be expanded in a turbine. For 
given values of initial and final temperatures the 
work done by the expansion per kg of hot water 
varies with the saturation temperature; when this 
drops, the weight of water evaporated rises while the 
available heat drop between this temperature and 
that of the condenser is reduced. It can easily be 
shown that as the saturation temperature varies, thie 
work done passes through a maximum. 

It is evident that the water coming from the flash 
boiler still contains heat which can be recovered in 
a similar way in another boiler. In fact, by using 
several boilers in cascade it can be shown that the 
optimum temperature of the first varies in the same 
sense as the number of boilers. As this tends to 
infinity, the optimum temperature of the first boiler 
approaches the initial temperature of the hot water, 
that of the last to the temperature of the condenser 
and the work done (under ideal conditions) to the 
available energy in the hot water. The influence of 
the number of boilers on the work recovered is shown 
in Fig. 6 where the coordinates n and 9 represent the 
number of boilers and the ratio of work done to avail- 
able energy. It can be seen that the influence of 
number is higher for lower initial temperatures, but 
when this is equal to the critical temperature the 
water becomes transformed into steam in a single 
boiler so that no more are necessary. This can be 
seen from Fig. 7 which shows for different numbers 
of flash boilers the theoretical work done by a kg of 
water as a function of its initial temperature, the final 
temperature in each case being 30°C. It can be seen 
that all the curves n=constant intersect at t,=t, 
30°C and for t,=t.=374°C (t. being the critical 
temperature of water). 

If we compare this solution with solution 3 we can 
see that in the temperature range of interest for a 
given number of stages (i.e. heaters or flash boilers) 
they are thermodynamically very nearly equivalent. 
The choice between the two solutions must then be 
guided by considerations other than thermodynamic. 
These affect the steam raising apparatus alone; the 
turbine is the same in both cases. Compared with 
solution 3, 4.2 presents several practical advantages. 
1. In the two cases, the hot source of the eycle con- 
sists of reactor coolant—which is necessarily active; 
consequently the primary heat exchanger must be as 
simple as possible to reduce repair and maintenance 
to a minimum. Now in solution 4.2 this component 
is particularly simple; there is only one of them and 
it merely exchanges heat between water and water. 
On the other hand, in solution 3 it consists of one or 
many heaters, each one involving a feed heater, a 
tubular evaporator and finally a superheater. 


Fig.6 the ratio of work done to available 
energy (2) as a function of number of 
flash boilers (n) for varying reactor 
outlet temperatures 


NUCLEAR POWER SEPT 1956 





e 


156 
































TTT). 
geo aaa aa T — | 
a =o — | 
| | 

onl 




















t'c 
Fig.7 the theoretical work done per kg 
of water as a function of initial temperature for 
various numbers of flash boilers 


2. Because the water passing through the exchanger 
remains in the liquid state (evaporation taking place 
in external boilers) scaling troubles are reduced. 
Seale deposits, practically inevitable in an ordinary 
boiler, could mean a risk of corrosion, a reduction of 
heat transmission, and frequent cleanings. 

3. The flash boilers can be placed very close to the 
turbine and this reduces the length of steam mains 
and the corresponding pressure drop. This is par- 
ticularly important because the volume flow of steam 
is, because of the moderate pressure, very high. 

4, The connection between the heat exchanger and 
the turbine hall is simply two small pipes: conse- 
quently, if necessary, the turbine hall can be some 
way from the reactor. 

Nevertheless, in certain circumstances the applica- 
tion of this process could be difficult. For example, 
when the pressure of the working fluid in the ex- 
changer must for some reason be kept below a certain 
value the pressure in the first flash boiler, being 
necessarily lower than that of the liquid water, it 
might not be enough to allow sufficient recovery of 
the disposable heat. Here, it would be preferable to 
place in the hot fluid circuit one or two generators 
producing steam at relatively high pressure and com- 
bining them with one or several flash boilers sup- 
plying steam at lower pressures. This would improve 
the efficiency of the installation and also facilitate 
the use of turbine-driven auxiliaries. 

French plans for the building of nuclear power 
stations have been inspired by these considerations. 
They have for their aim the recovery of heat from 


the reactors G,, G, and G, now under construction 
at Marcoule (Gard). 


to be continued 
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EQUIPMENT 


High performance, 
low maintenance 


industrial thermograph 


The Pyro-Servograph by Fielden 
Electronics, Paston Road, Manchester 22, 
is a temperature recorder which operates 
in conjunction with thermocouples and it 
can be supplied for use with either base- 
metal or precious metal thermocouples, 
in various ranges from 0-300°C upwards. 
The instrument has been designed for 
industrial use and the motor-driven pen 
is positioned by an _ electrical servo 
system from a_ high-grade _ electrical 
meter. Automatic cold junction compen- 
sation is provided and the equipment has 
an accuracy of plus or minus 1 per cent. 
It is claimed, therefore, to be suitable 
for use in many of the applications 
which would otherwise necessitate a DC 
potentiometer, for although the accuracy 
is not as high as that obtained with 
potentiometric equipment it is adequate 
for the majority of industrial applications. 





Fielden Pyro-Servograph 


available in various ranges 


This recorder has been designed by 
Fielden Electronics Ltd. to give long 
trouble-free service and the mechanism 
has been kept as simple as_ possible. 
Gearing and moving mechanical parts 
have been cut down to a minimum and 
the simple electronic chassis itself is an 
interchangeable unit. The motor which 
drives the pen has ample power in 
reserve for operating alarm or control 
mechanisms and for driving the large 
central indicator both of which facilities 
can be provided at a small extra cost. 

This instrument has had extensive field 
tests, has been evaluated in the plants of 
the major chemical, steel and petroleum 
undertakings, and has been praised for 
its high performance with low mainten- 
ance cost. 
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Induced filtration from river or lake 


brings water to concrete well 


Nuclear power stations have a greater 


degree of freedom in_ respect of 
siting than coal or oil-fired stations since 
fuel transport is a minor consideration. 
Nevertheless, they are equally dependent 
on an adequate supply of water, both for 
condenser cooling and for feed water 
make-up. This can come from the sea, 
surface water or underground water, 
appropriate treatment being applied be- 
fore it is used. 

A system of obtaining underground or 
percolated surface water known as the 
Ranney Method has been in use in the 
United States for some years. In addition 
to many everseas associated companies, 
there is now a branch in the United King- 
dom—Ranney Water Methods Ltd, 12 
Queen Anne St, London W.1—who are 
also agents for the British Commonwealth. 
The basis of the method is the sinking 
of a vertical reinforced concrete shaft or 
caisson from the base of which radiate 
in a horizontal plane a number of per- 
forated steel pipes. These pipes are in 
8 ft sections and are pushed out into the 
water-bearing stratum by hydraulic 
jacks, sections being added by welding. 
These pipes can extend out to as much 
as 300 ft radius. The water percolating 
from the collector pipes collects in the 
bottom of the shaft from whence it is 
supplied to the surface by submersible 
borehole pumps. In the case of water 
obtained from a river, 24 in dia. filtra- 


Digital counter plug-in units from Racal 


Experience has shown that the con- 
tinually expanding applications of digital 
counting techniques in the fields of fre- 


Standard units cut cost 
of special equipments 





quency and time interval measurement, 
batch counting, shaft speed checking 
ete., are so varied as to make it ex- 
difficult to 
equipment to satisfy the differing re- 


tremely design standard 
quirements. Nevertheless, as a result of 
Racal 
Engineering Ltd, Western Road, Brack- 


extensive development work, 
nell, Berks claim to have achieved a 
simple yet effective solution by the 
adoption of the ‘ plug-in unit’ principle. 
Many applications of counting techniques 
have been carefully analysed and a 
range of suitable units have been de- 
signed. The use of these both simplifies 
and cheapens the manufacture of equip- 
ments to customers specifications, and in 
addition, Racal are offering the plug-in 
units alone to suit customers who may 
wish themselves to incorporate them into 
equipments. 

The following units are available: 


Ranney water system for French A-piant 


tion galleries may be used and _ these 
have been driven a distance of 450 ft. 
Provided the strata are suitable, fine 
sand and silt are first removed through 
the perforated pipes which gradually 
become surrounded by a sleeve of coarse 
gravels. From then on, the water is per- 
fectly clear since the velocities are very 
low, the discharge being obtained from 
the very large area of pipe. Among the 
advantages claimed for the system is the 
fact that river water is effectively filtered 
in the actual collecting process, and 
with underground water, the temperature 
might be up to 20°C below that of sur- 
face water, an important consideration 
in heat exchanging applications. All sites 
undergo a thorough hydrogeological sur- 
vey by the firm’s engineers before it is 
decided to go ahead with construction. 

These units can be made in very large 
sizes—in America installations exist pro- 
viding up to 20m gallons a day from a 
single unit. The Wabash River Ordnance 
Works, where one of the Manhattan 
heavy water plants was situated, has 6 
units, providing up to 123m gal/d. The 
French company have also recently com- 
pleted an installation for the Com. 
misariat 4 l’Energie Atomique at Mar- 
coule where a single unit is producing 
310,000 gal/h by induced filtration from 
a small river nearby. This water is used 
for cooling without further treatment 
and is also used for drinking. 


digital counting units:—these are direct 
reading single decade electronic counters 
and are available covering the ranges 
0-100 ke/s and 0-100 Me/s. 


shaper-gate : 


Amplifier- 
used to amplify and shape 
the input signal to a pulse suitable for 
passing through the gate and operating 
the counting units. It will accept a sine 
wave or a pulse input. Frequency gene- 
rator :—contains a 100 ke/s crystal fol- 
lowed by a phantastron dividing circuit 
adjusted to divide the frequency of 100 
ke/s by 10 to give a pulse output of 10 
ke/s. Dividing unit:—this divides the 
input frequency by factors of ten. Gate 
control :—this receives the pulse train 
and converts to square pulses for control 
of gate. Coincidence unit :—provides an 
output pulse after a predetermined num- 
ber of input pulses have been counted. 
Further units to be announced will be 
Pulse Inverter and Trigger Units. 
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Baldwin introduce 


bremsstrahlung thickness gauge 











{tomat III 
measures steel .02 to .25in. thick 


For measuring the thickness of strip 
and sheet metal, the beta thickness 
gauge is now in widespread use but 
with simple beta sources the maximum 
thickness measurable is only about 
0020 in. steel with equivalent thicknesses 
in other metals. Gamma sources cannot 
satisfactorily be employed below about 
0250 in. in steel so there was a con- 
siderable gap from 0°020 to 0250 in. 
a most important range. 

To get over the difficulty, Baldwin 
Instrument Co Ltd, Brooklands Works, 
Dartford, Kent, have recently announced 
a new thickness gauge, the Atomat Mk 
Ill. This uses a beta source but instead 
of employing the direct beta-radiation, 
it uses the powerful bremsstrahlung 
continuous X-rays which are emitted 
when beta particles are slowed down by 
collision with matter. By this means it 
is now possible to measure successfully, 
strip steel in the range 0°020 to 0°250 in. 
The Baldwin range of beta, bremsstrah- 
lung and gamma thickness gauges now 
measure from 0:0005 in. up to several 


inches of steel. 


No more pipette sucking 
with simple new device 


Radioactive solutions, even if only 
very slightly active, should never on any 
account’ be pipetted by mouth, but 
should be drawn in by a pipette filler. 
Griffin and George Ltd, Ealing Road, 
Alperton, Middlesex have recently intro- 
duced a very simple and_ inexpensive 
device for this purpose. 

It consists essentially of a moulded 
rubber bulb with a capacity of 60 ml, 
fitted with a rubber 3-valve control unit 
containing plastic balls which act as 
valves. There are no metal parts to cor- 
rode and no fragile parts to break. It is 
suitable for filling pipettes of up to 100 
ml. capacity. In addition to pipette fill- 
ing, it can also be used as a_ pressure 
device on the reservoir of automatic 
burettes. The cost is 12s. 6d. (136s. a 
dozen) 


Griffin and George pipette 
can be worked with one hand 
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New vertical Mopump 


for hot water 
has 350 psi head 


When Rhodes, Brydon and Youatt Ltd, 
Waterloo Works, Stockport were recently 
contemplating a new range of hot water 
circulation pumps going up to 350 Ib/in’ 
they naturally drew on their experience 
with — their Ib/in? 


well-known 150 





Vertical layout saves space; 
makes easier maintenance 


Mopumps which have now been manufac- 
tured for 15 years. Although the smaller 
pumps are of horizontal design it was 
decided to go for the vertical layout for 
the new model for the following reasons : 
it takes up less floor space; it is easier to 
get at for maintenance; the overall 
length is reduced because the ball and 
roller bearings have a shorter span; the 
pumps end is more rigid; the stuffing 
box sealing is simplified because the 
impeller is not overhung. 

The new range of pumps—which can 
be designed for pressures over 350 lb/in* 
if required—are of cast steel with suction 
and delivery branches on a common 
centre height but offset from the axis of 
rotation. The impeller is of conven- 
tional single entry, double shrouded de- 
sign manufactured in zine-free bronze or 
of spheroidal graphite cast iron. 
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WHEN NEUTRONS ARE SLOWED DOWN by 
elastic collisions it was shown that energy is lost in 
discrete amounts, but ercept where the moderator is 
composed of very light nuclei, the simplifying assump- 
tion that energy loss is continuous can be justified. 
An expression is derived for the time taken for a fission 
neutron to slow down to thermal energy. Cases are 
examined in detail of slowing down in infinite capturing 
and non-capturing media and expression for the 
resonance escape probability derived, 

The case of the finite non-capturing medium leads 
to the concept of the Fermi age of neutrons and to the 
derivation of the Fermi age equation. Consideration of 
the idea of a slowing down length leads to an expression 
analogous to the diffusion length. 


ON A CONSTATE QUE, lorsque les neutrons sont 
ralentis par des collisions élastiques, la perte d’énergie 
a lieu en des quantités discrétes; la supposition 
simplifiante de perte continue peut étre néanmoins 
justifiée, sauf pour le cas d’un modérateur composé des 
noyauz trés legers. On a dérivé une expression pour le 
temps qui est nécessaire afin qu’un neutron de fission 
soit ralenti jusqu’au niveau d’énergie thermique. On a 
étudié en détail les cas de ralentissement dans les 
milieux infinis capturants et non-capturants et l’on a 
dérivé une équation pour la probabilité d’échapper a la 
capture par résonance. 

Le cas d’un milieu fini non-capturant méne a la 
conception de l’dge de Fermi pour les neutrons et a la 
dérivation d’une équation de l’dge de Fermi, L’analyse 
de la conception du parcours de ralentissement méne a 
une expression analogue a celle pour le parcours de 
diffusion. 


ES WURDE GEZEIGT, DASS, wenn Neutronen 
durch elastische Zusammenstésse verlangsamt werden, 
der Energieverlust in sehr kleinen aber endlichen 
Mengen erfolgt ; doch kann die vereinfachende Annahme 
eines kontinuierlichen Energieverlustes gerechtfertigt 
werden, falls der Moderator nicht aus sehr leichten 
Kernen besteht. Ein Ausdruck fiir die zur Verlang- 
samung eines Spaltungsneutrons bis zur Wdrmeenergie 
bendtigte Zeit wird abgeleitet. Verlangsamungsfalle in 
unendlichen einfangenden und _ nichteinfangenden 
Medien werden eingehend studiert, und es wird ein 
Ausdruck fiir die Resonanzeinfangausweichungswahr- 
scheinlichkeit abgeleitet. 

Der Fall endlicher nichteinfangender Medien fiihrt 
zum Begriff des Fermialters fiir Neutronen und zur 
Ableitung einer Fermialtergleichung. Die Betrachtung 
des Verlangsamungsldngenbegriffs fiihrt eu einem der 
Diffusionsldnge dhnlichen Ausdruck, 


CUANDO LOS NEUTRONES SON RETARDADOS 
por colisiones eldsticas se comprobé que la energia se 
pierde en cantidades discretas, pero, con la excepcién 
de los casos en que el moderador esta compuesto de 
nicleos muy ligeros, puede justificarse la hipdtesis 
simplificadora de que la pérdida de energia es constante. 
Se deriva una expresién para el tiempo que tarda en 
retardar un neutron de fisién hasta la energia térmica. 
Son examinados en detalle casos de retardacién en 
medios infinitos de captura y no captura y deducida 
una expresién para la probabilidad de escape de 
resonancia, 

El caso del medio finito de no captura conduce al 
concepto de la edad de neutrones Fermi y a la deduccioén 
de la ecuacién de edad Fermi. Consideraciones sobre la 
idea de un pertiodo de retardacién conduce a una 
expresion andloga al periodo de difusidén, 


JIORA3BIBAETCA, 4UTO B CJUIVYUAE 32amedaenua 
netimpono6 O6caedcmbue ynpyeux cmoaKnobenuii no- 
meéepaA aHep2euu npoucxooum pa Je AOHbLMU nakemamnu, 
HO emo ynpowudwinee NpednosAOmcenue Henpepoienot 
NOMEPU MOHCHO CUUMAMS NOIZ6EOAUMEADHOIM, UCKAIUAA 
cayyatll, Koz0a MOodepamop cocmoum U3 O2eHb Ae2Kux 
adep. Buseodvumca evipaswenue JAA epemenu, Heobxodu- 
M020 018 moz0, YUMOGni Heiimpond JerenHUA 3aMedAUAUC, 
ensomb 00 mepmureckoti anepeuu. L[ccaedyiwomca 
nodpo6no cayzau zamedasenuan 6 Geckonerndix 2zaxeamoi- 
@anwuux u Hesaxeampedwmwuux cpedax u eneodumca 
é6vipasrcenue JAN BepoAmMmHocmuU Uus6eHCaHUA pezo- 
HAHCHO2O saxeama. 

Cayyati Koneunoti nesaxseammeanweli cpedoi eedem 
kK nOHAMUNW B0O3pacma HeiilmpoHoe no Gepmu u * 
ypasnenuw JAA ymo20 eo3pacma. Pacomompenue 
NOHAMUA OAUHDE JAaMEOAEHUA BeVeEM K edipascenun, 
anaAo2uunomy eoipascenun 0.18 Oufidiys2u0HHot Gaunnt. 
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I. The continuous slowing down model 


As neutrons are slowed down from fission energy by 
elastic collisions in a finite system, for any particular 
neutron energy there will also be a particular spatial 
distribution of the neutrons of this energy. It is this 
dependence of the neutron distribution on space co- 
ordinates and energy that is now to be discussed. 


It has been seen above that in the slowing-down 
process neutrons lose energy in discrete amounts, but in 
order to formulate a simple theory of the process the 
assumption is made that the energy loss is continuous. 


This assumption requires some discussion. It will 
clearly not lead to good results where the slowing down 
is by very light nuclei. In such cases a neutron can lose 
a large part of its energy on collision (all of its energy in 
a head-on collision with a hydrogen atom) and so the 
assumption of continuous energy loss is a poor one. 
However, as the mass of the nuclei gets larger the 
approximation gets better. For example, in the case of 
collisions with carbon nuclei, the maximum factor by 
which the neutron energy can change, «, is 1-40 and the 
average factor, i.e. eS, is 1-17. 


Using the above picture, the number of collisions made 
by a neutron of velocity v in a small time dt in a medium 
of scattering mean free path , is 

vdt 
A, 


which from the definition of £ must also be equal to 


d(InE) (5.2) 
— ee d.< 


g 


and so setting these equal and writing d(InE) as dE/E 


eS. 
A, EE 


(5.1) 


(5.3) 


Integration of this equation will lead to a value of 1,, 
the time between a neutron being produced as a fission 
neutron and it becoming a thermal neutron. The result 
is more conveniently expressed in terms of the neutron 
velocity v than the energy E, then 

9 
t= 24 3 .. o (5.4) 


é Vth 





where vip = 2200m per sec 
and Vo fission velocity (corresponding to 
2 MeV). 
Now 
2 7 
7 \ E, 
Vth Ew 


_. /EL _. = /2x10 
ee Vo= Uh / E, = Uth 4/ 0-025 
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A useful concept in slowing down theory 
is the Fermi age of neutrons. 


NUCLEAR POWER’S basic course this month 


lames F. Hill senior Lecturer, Reactor School, Harwel 


deals with this and goes on to explain 
how neutrons multiply in a reactor 





~ 9x 108 Vth 


So vn < v, and (5.4) may be written approximately 
as 


pw Bhd ” 
tT (9.9) 


Typical value of t, are quoted below in table 5.1 along 
with values of +, previously quoted in table 3.1 for 
comparison. All times are in seconds and it is to be noted 
that t, is in each case considerably less than +,, so that 
a neutron spends much more time as a thermal neutron 
than slowing down. 


2. Slowing down in an infinite non-capturing 
medium 


It is convenient in discussing the slowing down of 
neutrons to define a quantity gq as the number of neutrons 
per unit volume which are slowed down from above to 
below the energy E per unit time. gq is known as the 
slowing down density, is usually measured in neutrons 
per cm® per sec and in general is a function of the neutron 
energy and of position. 


In the case of an infinite non-capturing medium with 
a uniform production of neutrons no neutrons can be lost 
from the system either by leakage or capture and there- 
fore q must be a constant. So in time dt, q dt neutrons 
per cm® will cross the energy E. Then if ¢(E) dE is 
defined to be the flux of neutrons whose energies lie in 


the range E, E + dE, 


¢(E) dE = — qdtv 
as dE is negative if dt is positive, and so from (5.3) 
oS 


$(E) dE = (5.6) 


€é E 


This shows that if the scattering mean free path i, is 
constant, the neutron flux is proportional to E-'. 


3. Slowing down in an infinite capturing medium 


Suppose now the medium remains infinite in extent 
but captures neutrons. Then consider for the moment 








Table 5.1 diffusion and slowing down times 


(5.6) written in the form 


— 1E - 
S, (E) dE =F (5.7) 


The left hand side represents the number of neutrons 
scattered per cm® from the energy range E, E+dE. 
Consequently because there is no neutron loss from this 
energy range the right hand side must represent the 
number of neutrons per cm® scattered into the range. 


In the case of a capturing medium the equation of 
neutron conservation Is 5 
neutrons absorbed in energy range 
- neutrons scattered from energy range 
neutrons scattered into energy range 


and so by analogy with (5.6) this can be written as 


=, (E) +5, ]suae = (5.8) 
é E 

where q = q (E£) is now a function of the neutron energy. 

It has also been assumed in writing (5.8) that the 

absorption cross-section is a function of the neutron 

energy but the scattering cross-section is not. 


Furthermore, as neutrons cross the energy range they 
are only removed by absorption and so the change in 
q(E), dq(E) across the range must be equal to the 
number of neutrons absorbed in the range, and so 
(leaving out a minus sign on both sides of the equation 
as dE and dq (E) are both negative) 


E,(E) $ (E)dE = dq(E) (5.9) 
and on dividing (5.9) by (5.8) 


1 (FE) , dE a dq (E) 


ur! 


and assuming € is energy independent 


‘E 
1, "2 (E’) dE’, q(E) .. 
E \_ SHi. rr" 


where E, is fission energy. 


Now q (E,) is the number of fission neutrons produced 
per cm® per sec. and q (E) is the number of neutrons per 
cm? per sec. crossing the energy E. The ratio q(E) / q(E,) 
therefore represent the fraction of fission neutrons which 
reach energy E without being captured. This quantity 
is called the resonance escape probability to energy E 
and is written p(E£). In the particular case where the 
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lower energy is thermal energy E,,, p(E.) is written 
simply as p and called the resonance escape probability. 


Thus 
1m ose dE 
z\ _ -3(E)+3, E | 


+ th 


Pp exp 


(5.11) 





4. Slowing down ina finite non-capturing medium 


In this case the argument is similar to that in the 
previous case but now the change in q is a result of 
neutrons being lost by leakage instead of by capture. 
So by analogy with the leakage calculated for thermal 
neutrons (see (2.39) and (2.44) ) 


A, 


S ?$(E) dE = dq(E) (5.1: 


uw 
— 
bo 

— 


Now the form of ¢ (E) dE for a non-capturing medium 
is given by (5.7) and so substituting this into (5.12) 
leads to 


A o_o, aQ(E) — 
ses, bY 9\))=-GE site 
and introducing a new variable <(E) defined by 
. At . - 
dz (E) sez, E -dE (5.14) 
(5.13) becomes 
1 
"4 a (5.15) 


where q is now a function of the space cvordinates as well 
as of the energy. 
Integration of (5.14) yields 











aie ~~»), «2 
— | 3&, E’ 
JE 
*E 
T tums dE’ Ps 
z\ A. At E (5.16) 


JE 


The quantity +(£) is known as the Fermi age to energy 
E, and the equation (5.15) as the Fermi age equation. 

t(E) has, from (5.16) dimensions of the square of 
length and increases as E decreases. Thus for neutrons 
which are “ older’, that is have smaller energies, = is 
larger. In the particular case of E = Ey, +(E,,) will be 
written as L.* where L, is called the slowing down 
length, so 


(En) LL (5.17) 


5. Slowing down of a point source of fast neutrons 
and the physical significance of the slowing 
down length. 


For a point source emitting Q fast (fission) neutrons 
per sec. at the origin in an infinite medium, the solution 


Q e r?/47 


(42)? /2 


q(r.7) = (5.18) 


—, — 


This is a Gaussian distribution about the origin, the 
shape of which depends on +. For small +, that is for 
neutrons which have not suffered much slowing down, 
the distribution is concentrated round the origin, but 
for larger values of + the distribution is more spread out, 
as would be expected on physical grounds. 


The spreading out of the distribution as + increases 
suggests that z is connected with the distance a neutron 
travels in being slowed down to age +. In discussing the 
diffusion of neutrons it was found that the diffusion 
length L was connected with the mean square distance 
a neutron travelled (see (3.21) ). The mean square dist- 
ance r*(z) a neutron travels in slowing down to age - 
is then given by 


« 


| rq(r.z)4 ar dr 
~ ( 





r2 (2) a (5.19) 
| q(r.z)4 ar dr 
Jo 
where q (r. z) is given by (5.18). This yields 
r? (ct) = 6c (5.20) 
In the particular case where the final energy is thermal 
t L,* and so 
r? (L,) 6L,? (5.21) 


analogous to (3.21). 


A further similarity between the slowing-down length 
and diffusion length can be shown by referring back to 
(5.16). Suppose E = Ey, and taking average values of >. 
and >).. (5.16) yields 








. z. A: E . ~~ 
| 3é In E,, (3.22) 
4A, A, (number of collisions made 


in slowing down) — (5.23) 


using (4.20). This is to be compared with the similar 
equation (3.24) in diffusion theory. 


Typical values of L,* are quoted below in table 5.2. 


6. Slowing down in a finite capturing medium 


It can be shown that if q, is the slowing down density 
in a medium with absorption, then if q is the slowing 
down density in the medium without absorption 

















= pe (5.24) 
r 2 oq = 9 
with 7*q = (5.25) 
as before. 
iterj Le2 
ary 53 € 
D.0 120 
Be 98 
. 350 
Table 5.2 slowing down lengths 
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Neutron multiplication 
7. The multiplication cycle 


We have investigated the behaviour of diffusing and 
slowing down neutrons and have formulated the equa- 
tions giving their spatial distributions. The next stage is 
to apply these equations in the appropriate form to the 
behaviour of neutrons in a reactor. 

However, before doing this we must investigate the 
multiplication of neutrons in a medium containing 
fissionable and non-fissionable materials. In order that 
we do not, at this stage, need to consider the escape of 
neutrons from the system it will be assumed to be 
infinite in extent. (A finite system will be dealt with 
later). Also for simplicity the fissionable material will be 
taken to be uranium and this will be referred to as the 
fuel. Further it will be supposed that substantially all 
the fissions are caused by thermal neutrons. : 

Starting then with one neutron produced in fission, as 
a fast neutron from U?** fission, if the fuel is lumped in 
any way there will be a chance that before it escapes 
from the lump in which it is produced it may make a 
further fission in U?38 (See article 1 § 7, NUCLEAR 
POWER, Vol 1, No 1, p. 37). In order to take account 
of this a fast fission factor ¢ is defined as 

¢ = average number of fast neutrons produced per 
one neutron from thermal fission (5.26) 

Thus there are ¢ fast neutrons which will then be 
slowed down by the moderator. However, some of these 
will be captured in resonances in U238 and for con- 
venience it is assumed that this capture takes place 
immediately above thermal energies. So a resonance 
escape probability p is defined by 

Pp fraction of fast neutrons becoming thermal in 

an infinite system (5.27) 
so that 1—p is the fraction of neutrons captured by 
resonance, 

ep neutrons then become thermal and will be absorbed 
by the materials of the system, some wastefully and 
others by the fissionable material. It is customary to deal 
in terms of the number of neutrons absorbed by the fuel 
and not those absorbed by the fissionable material, so 
if f is the fraction absorbed by the fuel 


thermal neutrons absorbed by fuel 
total thermal neutrons absorbed 





(5.28) 


and then a total epf thermal neutrons are absorbed by 
the fuel. If 7% fission neutrons result directly from the 
absorption of one thermal neutron by the fuel, epf7y 
fission neutrons finally result. Thus the one original 
fission neutron has become epfy and this quantity is 
called the multiplication constant kh, of the infinite 
system. It is convenient to write this simply as k, so, 


If N(25) and N(28) respectively are the number of 
atoms of U235 and U238 per unit volume of uranium, 
v the number of neutrons per fission of U*® then, from 
the definition of 4 above 


oc = 
25) ar (25 = 
eh (5.30) 
25) + N(28)o, (28) 

which, if we assign an average fission cross-section o,(U) 
to a uranium atom irrespective as to whether it is l 238 


or U*%® defined by 


, _ N(25) ay (25) - 
55 (U) = -“Neas) + N(@8) me 


and a similar average absorption cross-section o,U 
defined by 
N(25) 6,(25) + N(28) 6,(28) 


6a ( UL ) — N(25) cE N(28) — “% (5.32) 

then 
Pee VOr (U) 
aw) (5.33) 


Similarly, a value 7(25) can be defined for U*** alone as 


(25) = wy (25) (5.34) 


G6, (25) 


Table 5.3 quotes cross-section and 7 values for natural 
uranium. 


Returning now to the multiplication constant k as de- 
fined by (5.29). It is clear that if, in an infinite system 
k = I] then the neutron chain reaction will just maintain 
itself—the number of neutrons in the system staying 
constant. Such a state, when applied to a reactor of finite 
size, is referred to as the critical state or the reactor is 
said to be critical. Clearly, for a reactor to be critical k 
must be larger than unity to make up for the additional 
inevitable loss of neutrons from the sides of the reactor. 





Returning to the infinite system if k is greater than 
unity the neutron population will steadily increase and 
the system is divergent or super-critical. For k less than 
unity successive generations of neutrons do not reproduce 
themselves and so an initial neutron population will 
gradually die away to zero. The system is the convergent 
or sub-critical. 


It is necessary to be able to calculate the value of k 
and hence its individual components for any type of 
system. Two essentially different cases arise. The first, 
and simpler one, is that in which all the constituents are 
mixed intimately to form a homogeneous system. The 
second is a heterogeneous system where the different 
materials are separate from each other. The calculation 





k= nepf (5.29) of k for this system will not be discussed here.* 
parts by atom of Ge Ga v %, 
/ 580 107 687 2°46 2-08 
5 138 0 2:75 2:75 — 
tural uranium... _ 4-17 3-50 7-67 = 154 





Table 5.3 constants for natural uranium 


Dvcmnscisinesis 


the cross-sections are in barns per atom at 2209 m/sec. 





_* For details of the calculation of k for a heterogeneous system see 


ERE R/R 922 Natural Uranium Graphite Lattices, E. A. Guggenheim 
and M. H. L. Pryce. H.M.S.O 
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The next instalment will deal with 
the value of k for various systems 
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WHAT CLAIMED to be the most 


comprehensive nuclear power _ station 


IS 


simulator yet built in Britain is a central 
feature of the research laboratories and 
design centre of the G.E.C. Simon-Carves 
Atomic Energy Group at Erith, Kent. De- 
signed and built for the group by Elliott 
Brothers Limited, of Boreham Wood, 
Herts, the machine is an electronic ana- 
logue computer which can be adapted to 
study the performance of any type of 
reactor. The computer is, however, only 
a part of what is now a very extensive 
research laboratory. 

At a luncheon on August 16, Mr. R. N. 
Millar, the Group Manager, in welcoming 
the guests gave a brief outline of its his- 
tory. When the White Paper was issued 
in February 1955, the firms invited to 
tender for the first CEA power stations at 
Bradwell and Berkeley had just 12 
months to fix the design parameters and a 
further 6 months to finalize the design. 
Since, unlike Calder Hall, these stations 
had to be optimised for power produc- 
tion, the design problems were in many 
cases radically different and the GEC’s 
first task, said Mr Millar, was (a) to plan 
a research and development programme 
which would be of most direct use and 
(b) obtain sufficient staff to carry this out. 
These problems he assessed as being 
those of heavy mechanical engineering, 
heat transfer and metallurgy. The Group's 
staff is now 200 of whom about half are 
of graduate status. In addition, it has the 
facilities of the whole GEC for specialised 
work. Mr Millar said the Group believed 
in centralization and so both the research 
laboratories and the design drawing office 
were located under one roof at the Fraser 
and Chalmers Engineering Works of the 
GEC, where the firm’s heavy mechanical 
work is done. 


Compatibility studies 

The laboratories are essentially “ cold ” 
ones since no radioactive material is 
handled: when “ hot” tests are required, 
these are done in one of the UKAEA 
establishments. In the metallurgical 
laboratories a battery of GEC vertical 
heat treatment furnaces is installed. These 
contain a stainless steel autoclave in which 
compatibility tests of metals in CO, and 
CO atmospheres are carried out. The 
effect of small amounts of moisture can 
also be studied. Among the canning 


materials studied are magnesium and 











zirconium alloys: alloys of beryllium 
and niobium will be investigated later. 
It has been found that the magnox alloy 
used in the Calder Hall reactor is satis- 
factory in CO, up to very nearly 500°C, 
the limit being set not so much by oxida- 
tion as by creep resistance. Furthermore, 
it is now considered by the Group that 
the upper limit to reactor temperatures 
will be set by the fuel rod itself rather 
than by the can. A special quartz spring 
thermobalance has been developed for 
the rapid measurement of oxidation rates 
in CO,. 

The cooling fins on fuel cans are sub- 
jected to bending stresses by the gas flow 
and a test rig is installed to investigate 
this. Stress corrosion is also being studied 
and a battery of special machines is being 
installed for this purpose. The first tests 
will be on magnesium in carbon dioxide 
atmospheres but the equipment is suit- 
able for other materials and corrosion 
media. A GEC 25kW high-frequency fur- 
nace is installed in the metallurgical lab- 
oratory and is used for melting small 
amounts of experimental alloys. It can 
also be used with controlled atmo- 
spheres. An interesting rig is a British 
Oxygen argon-arc welding machine 
adapted to the semi-automatic welding of 
fuel can end caps. 


Heat transfer work 

Considerable work has been done by 
the Group on heat transfer and a well- 
equipped laboratory is available for this 
work. The work is necessarily of a highly 
ad hoc nature and so far has been 
directed toward producing (a) a fuel can, 
(b) a heat exchanger tube. Two rigs 
are used for the former work and 
reactor conditions are simulated by 
replacing the uranium rod by a stain- 
less steel heating element inside the 
can under test. The larger rig simu- 
lates working conditions in a fuel channel 
by using a long copper pipe, lagged and 
supplied with CO. from Cardice gen- 
erators by a steam turbine driven blower. 
The heating current is supplied from two 
DC generators and measurements are 
made of can temperature, gas flow and 
pressure drop. There is also a smaller 
rig which uses air at atmospheric pressure 
instead of carbon dioxide. 

4 whole series of fuel can extended 
surfaces have been investigated most of 
which take the form of multi-start helical 


Power station computer 


fins of varying pitches. Very small pitch 
angles appear to be generally favoured. 

For the steam-raising heat exchangers, 
owing to the low temperature of the gas 
compared with that in a combustion 
boiler, the design of extended surface 
tubes presents many problems. At Erith, 
a wind-tunnel has been constructed in 
which transfer rates, head loss and other 
important design data may be obtained. 
Owing to the difficulty of working with 
hot gas, the heat flow is reversed. Coolant 
air passes the experimental tube banks 
and heat is extracted from superheated 
steam in the tubes. Measurement of con- 
densate provides a convenient method of 
quickly obtaining heat transfer rates. 
Numerous designs of stud tubes and other 
forms of extended surfaces have been 
studied in this way. 

Another interesting apparatus located 
in the heat laboratory is a rig for testing 
control rod drives and a high steel struc- 
ture enables withdrawal rates and acceler- 
ations to be studied. A demonstration 
showed how a rod is quickly dropped in 
under emergency conditions and _ yet 
brought to rest gently at the end of its 
travel. 

Other test rigs are used for developing 
and prototype testing of portions of 
charge and discharge equipment, gas 
selection valves, special viscosity gas seals 
for carbon dioxide blowers, mechanical 
and electrical drive units which can oper- 
ate in hot gas and bearings which can 


A prototype viscosity gas seal for 
carbon dioxide blowers undergoes 
trials on a special test rig 
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installed at GEC Simon-Carves 


Group research laboratories shown 


be run without conventional lubrication. 


The analogue computer 

Che Elliott analogue computer has been 
designed to solve problems associated 
with gas-cooled graphite-moderated reac- 
tor stations, although the flexibility of 
the machine will allow its use in the 
study of other types of reactor also. 
Initially, its main application will be in 
the study of transient phenomena follow- 
ing disturbances such as fault conditions, 
and in the analysis of automatic control 
systems. The new computer is housed in 
its own room, the air in which is main- 
tained at slightly above atmospheric pres- 
sure so as to minimize the ingress of dust. 

The machine comprises a total of eight 
L’ formation with 
the control cabinet at the junction. One 


cabinets, arranged in 


special cabinet is permanently connected 
to simulate the reactor, and the remaining 
six are identical general-purpose cabinets 
which can be set up to simulate the per- 
formance of heat exchangers, control 
rods, blowers, turbo-alternators or other 
components of the power plant. This 
arrangement allows the equipment to be 
used with a high degree of flexibility, and 
will enable a wide variety of problems 
to be studied. 

Provision is made for the incorporation 
of 100 drift-corrected amplifiers and 20 
servo-multiplier units. At present 84 
amplifiers are available, any one of which 
can be used as a summing amplifier, inte- 


grator, or servo amplifier. Two transit 
time units are provided for the simula- 
tion of time delays, the output signal of 
each unit being the input signal delayed 
in time. 

In many of the problems encountered 
the time scale is likely to vary from a 
fraction of a second to several hours. 
The computer normally operates in real 
time and the performance of any section 
of the power station can be examined 
from the traces of two continuous high- 
speed pen recorders which allow four 
variables to be recorded simultaneously. 
Alternative indication of each section is 
provided by a cathode-ray oscillograph. 
An additional advantage of real time 
working is that actual units of a control 
system can be connected to the simulator 
and their behaviour analyzed. For longer- 
term problems (such as determining the 
effects of poisoning in the fuel) the rate 
of working can be accelerated. 

An important feature of the computer 
is its ability to operate either as one 
large machine or as two completely inde- 
pendent smaller machines. It is thus 
possible to examine simultaneously two 
entirely separate problems, a considerable 
time-saving where neither 
problem requires the use of the complete 
machine. 


advantage 


The D.C. amplifier units have a range 
of —100V to +100V and use Bristol’s 
Syncroverter choppers. Long-term drift 
is less than —100 “V and effective grid 


A feature of the heat transfer laboratory is a wind tunnel in which various 
designs of heat exchanger tubing is tested with live steam. 


Further back, fuels cans are tested under simulated thermal conditions 

































































current is less than 10-"A. The Servo- 
Multipliers are plug-in units and, operat- 
ing directly from the computing ampli- 
fiers, will multiply up to 5 quantities. 
Adjusted for best step response (50 milli- 
seconds rise time, 6 per cent overshoot) 
natural frequency is 13 c/s. Adjusted for 
best frequency response, natural fre- 
quency is 30 c/s. Time lag in coolant 
temperature transfer between the reactor 
heat exchanger and the main heat ex- 
changer may be simulated between 2 and 
60 seconds. Variation can be by manual 
control or from a computed signal. The 
reference power units provide +100V 
and —100V supplies at 0.5A with stability 
better than 0.1 per cent. 

The Reactor Kinetics cabinet is per- 
manently wired for 6 reactor kinetics 
equations with 5 groups of delayed neu- 
trons. Delay constants and delayed neu- 
tron fractions are set in by manual con- 
trols. On the cabinet, amplifier and multi- 
plier inputs and outputs are brought to a 
series of sockets on a patch panel which 
is engraved to show, in block diagram 
form, the function of each socket. Co- 
efficients and initial conditions are set in 
by means of wire-bound potentiometers. 
Automatic clamping occurs whenever an 
amplifier output reaches its limit of 
~+100V. The clamping disconnects all in- 
tegrator inputs and holds the outputs long 
enough for voltages to be measured prior 
to rescaling. 


Enquiries from abroad 

Addressing the guests after luncheon, 
Mr Arnold Lindley, a GEC Director and 
General Manager of the Fraser and Chal- 
mers Engineering Works, disclosed that 
his Group had already spent well over 
£1m on the atomic energy project and that 
current expenditure was running at over 
£4m per annum. He said that the Group’s 
designs for the Berkeley and Bradwell 
stations were finalised and were now 
being prepared for submission to the 
CEA by October 1. It is understood that 
the two designs are essentially identical, 
subject only to variation dictated by site 
layout. Reports that the GEC reactors 
were to be in a spherical shell were not 
confirmed but it was understood that the 
shell would be about 3 in. thick, and 
that the output would be well over twice 
as much as Calder Hall. The firm also 
confirmed that, unlike Calder Hall, their 
CEA design had provision for charging 
and discharging fuel elements without 
shutting down the reactor. 

Enquiries had been received from 
nearly every country in the world—serious 
ones from Australia, South Africa and 
Japan—but he thought it unlikely that 
these would be very firm until some ex- 
perience had been obtained with Calder 
Hall. Associated with GEC and Simon- 
Carves in the Group are the Motherwell 
Bridge and Engineering Co Ltd and John 
Mowlem Ltd. 





Report from Vienna=2 


by a special correspondent 


The Fifth World Power Conference 


CORRESPONDING to the 


corded in power plant design, improve- 


trends re- 


ments in boiler plants were reviewed in 
Division III Section G.. A steady rise 
in available steam temperature of about 
10°C per year is found since the fourth 
Conference in 1950, reaching now to 
650°C, although most new plants actu- 
ally use temperatures at least 50-100°C 
lower than this. Opinions are, however, 
expressed that materials are available 
700°C. 
There is a steady increase in size of in- 
dividual boilers up to 2,400,000 lb/hr, 
and efficiencies of at least 90 per cent 


for boiler temperatures up to 


with availabilities of nearly 100 per cent 
“are no longer exceptional.” The uni- 
versal need for burning low-grade fuels 
has provoked considerable attention to 
the fouling and corrosion of the heating 
surfaces, but although it is stated that 
the adherence of liquid slag can now 
generally be avoided, the sintering of 
fly ash remains a problem, while the ex- 
tension of oil firing has its own difficul- 
ties due to vanadium and sulphur con- 
tent of the fuel. 


pressures, feed water treatment is becom- 


Also, with the higher 


ing more critical, competition between 
evaporative treatment and demineralisa- 
tion having been decided in favour of 
the latter for supercritical plants. In 
these high pressure plants, the super- 
heater surface approaches 50 per cent 
of the total heat transfer area, and atten- 
tion is particularly aimed at avoiding 
the risk of high temperature rises in the 
tube wall under varying load conditions. 
This is regarded as of far greater im- 
portance than achieving high heat trans- 
fer rates, and the later stages are there- 
fore heated by convection rather than by 
radiation. In verbal discussion the need 
for flow stabilisation in once-through 
boilers, and the use of flow stabilisers 
with balance throttling 
was mentioned. The high heat transfer 


weight cones 
rates and the possibility of low water 
speeds at high pressures can result in 
film evaporation which may encourage 
salt deposition on the tube walls. Tem- 
perature control is of increasing import- 
ance because at the high temperatures of 
vperation, permissible stress levels in 
the tubes are very sensitive to increase 
of temperature. The combined effects of 


several methods available are said to 


allow virtual constancy of steam tem- 
perature down to half load. The high 
boiler availabilities mentioned earlier 
have been attained in the face of low 
grade fuel usage, largely by developments 
of on-load cleaning methods. Regarding 
boiler construction it is accepted that 
the “outdoor construction™ so widely 
used in the U.S.A. has been reduced to 
“ semi-outdoor” for European purposes: 
here the boiler is used as a structural 
basis for the boiler house. 

The steady increase in power plant 
efficiency which accompanies increase in 
steam temperature and decrease in flue 
gas temperature is recognised, but fur- 
ther advances here meet very severe 
difficulties and it is considered that the 
increase in initial conditions shows 
signs of slowing down and reaching, as 
it were asymptotically, 8,500 lb/in’ and 
800°C, while corrosion dangers and the 
need for excessively large heat transfer 
surfaces limits the reduction in flue gas 
temperature which is to be expected. It 
seems that atomic energy developments, 
with their own special problems of steam 
raising, will outdistance and at the 
same time inhibit the further develop- 
ment of conventional boiler plants. Par- 
ticular attention was directed to the dif- 
ficulties of design of a sodium to water 
heat exchanger, or boiler, a problem 
which, because of the radioactivity of 
the primary coolant, the desire for high 
heat transfer rates, the uncertainty as to 
the importance of the chemical reaction 
between sodium and water, has so far 


only had rather unsatisfactory solutions. 


Trends in Turbine Design 

The most obvious change has been 
the rapid increase in unit size, and the 
standardisation of frame sizes. The in- 
crease in steam temperatures and pres- 
sures has necessitated most careful at- 
tention to design, both as to principles 
and to details. The control of thermal 
expansions is rendered acute by the use 
of austenitic steels for the first stage 
rotor disc, blades and diaphragms and 
it is becoming frequent practice to use 
a two-shell construction together with 
full steam admission, a symmetrical 
arrangement of stop valves and means 
for preheating and cooling. The stresses 
in the high-pressure section are recog- 


nised as being due more to thermal 
gradients than to centrifugal forces. The 
protection of the turbine against over. 
speed is recognised in the attention paid 
to governor and stop-valve design, in- 
cluding of course the protection valve 
where the reheated steam returns to the 
turbine from the boiler, for there :s 
sufficient energy stored in this amount 
of steam which has passed to stop valve 
to cause serious overspeeding. 
Considering the present temperatures 
of reactor coolants, particular interest 
attaches to the discussion of the maxi- 
mum size of turbine exhaust blading. 
Here it is that the use of 3000 rev/min 
machines in Europe has advantages com- 
pared with the American 3600 rev/min 
machines, a difference reflected in the 
regard to 
where the Americans are given to the 


practice in compounding, 
use of combined 3600 and 1800 rev/min 


sets. 


Air-cooled condensers 

Consideration of the continuity equa- 
tion shows this to be a basic feature of 
turbine design. Particularly interesting 
is the report of quite big increases in 
exhaust area in recent years. The im- 
portance of wetness in the low-pressure 
stages is twofold, it has harmful effects 
both on efficiency due to the water drop- 
lets striking the backs of the blading, 
and on the life of the blade due to ero- 
sion, this of course also leading to a 
secondary but very important reduction 
in efficiency. Much scientific investiga- 
tion is called for to assist in the solution 
of these problems. 

The increasing difficulty of obtaining 
suitable condenser cooling water leads 
to efforts to use air cooling for closed 
water circulation, but although some 
promising work has been reported both 
from Germany and Hungary, and devel- 
opment work is preceeding on medium 
sized units of about 30 MW the heat 
transfer surface is still greater and the 
vacuum not so good compared with nor- 
mal installations. 

Governing becomes more difficult with 
thus a 
worsening of the relationship between 


higher steam pressures and 
stored energy available in the steam, and 
rotor inertia. Following refinement in 
the mathematical analysis of governing 
systems is a tentative but most interest- 
ing suggestion to introduce electric 
governing of steam turbine—perhaps an 
alternative stronghold for the electronic 
specialists to scout! 

Solid coupling of turbine and genera- 
tion is now general, and the importance 
of close inspection of the generator rotor 
Development of 
hydrogen cooling has led to its use at 
pressures as high as 63 atmospheres in 
the U.S.A., with consequent increase in 


generator output for a given size of 


was remarked upon. 
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frame. Developments were reported in 
the gas turbine field, but it does seem 
that their field of application in power 
stations is limited to peak load duties. 
On the other hand, the use of gas tur- 
bines in industrial power generation is 
established 
number of interesting studies of com- 


becoming practice and a 
bined steam and gas turbine cycles for 
such appreciations were presented. 


Interest in nuclear power 

\lthough mention of nuclear power 
plants occurred occasionally in Section 
G reports, the main discussion centred 
on the papers presented to Section J. 
The attendance on this day was ex- 
tremely large and the number of speakers 
in the discussion was also high. 

However, it is doubtful if either the 
papers themselves, or the discussion 
reached the level of technical detail as 
in the other Sections. This is under- 
standable if it is realised that the papers 
were written in the period of exhaustion 
immediately after the Geneva conference, 
and also that in practically every case 
the papers were aimed at a_ technical 
but non-specialist audience, and the dis- 
cussion which took place was also appro- 
priate to this setting. In spite of this, 
the inelusion of a full day’s discussion 
was well justified. 

The papers and discussion show dif- 
ferences in approach both between coun- 
tries with nuclear programmes and 
between this group and the other coun- 
tries. The first group is concerned to re- 
port on current position and _ attitude, 
while the other group asks questions best 


summarised by Prof. Miinzinger (Ger- 
many) namely : 
1. What highest permissible tempera- 


tures of the cooling medium for re- 

actors may be obtained within the 

next 10 to 15 years? 

2. What may be the highest thermal 
efficiencies of turbines in atomic 
power stations in the next 10 to 15 
years? 

3. What economic prospects exist for 
atomic power stations in various 
countries? 

It proved easier to ask the first two 
questions than achieve answers, but in 
spite of this the general conclusion was 
reached that in specific cases question 3 
can be answered at the present time. 
In Paper J.13, Duckworth, Squire and 
Newman of the C.E.A. speak of neces- 
sary extensions to generating capacity 
which will be met very largely by nuclear 
In the discussion, J. V. Dun- 
worth (Harwell) referred to progress in 


stations, 


the UK on the understanding of fuel 
their effect on generation 
costs, while H. H. Gott (Risley) stated 
that preliminary trials of the first Calder 
Hall reactor had shown higher reactivity 
than had been calculated, and also greater 


cycles and 
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effectiveness of the control rods. These, 
together with the satisfactory behaviour 
of the mechanical features of the plant, 
gave added confidence to a power pro- 
gramme based on reactors of similar 
type, though the reactors to be built for 
this programme would be larger and 
more economic than Calder. Kasatchow- 
ski reported satisfactory and trouble-free 
operation of the Soviet 5 MW station 
and mentioned the design of large plants 
using thermal reactors with up to 600 
MW output. Staebler discussed the pro- 
gress in the US, and in particular the 
increase in interest shown by private 
industry. There was a strong interest in 
small power plants. 

Lindsberg made a sober but enthusi- 
astic appraisal of possibilities and speak- 
ing for the generation industry described 
the benefits of the association of nuclear 
power and district heating systems, ex- 
amples of which would be in operation 
in Sweden in the early 1960’. 


Novel Russian proposal 

Contributions to the discussion on heat 
utilisation were made largely from the 
Continent, being discussed by Miinzin- 
ger, Melan, Keller, while speakers from 
the US, Great Britain, Russia and France 
for example appeared more concerned 
with getting the heat out of the reactors 
than stating acceptable temperatures for 
Wootton, Great Britain, 
pointed out that the low steam condi- 


its delivery. 


tions used at Calder were peculiar to 
that plant and that a considerably more 
economic cycle could be used in differ- 
ent circumstances. 

Kasatchowski said that to speak only 
of thermal efficiency was misleading. The 
effectiveness of the conversion of poten- 
tially fissionable material into energy 
was the most important. He proposed the 
discussion of a uniformly acceptable cri- 
terion for these parameters. Such an 
approach led to the conclusion that ther- 
mal reactors were greatly superior to fast 
reactors. Styrikovitch spoke of a plan 
for a gas-cooled, heavy-water-moderated 
reactor with a gas outlet temperature of 
150°C in which the moderator is kept 
cool (below 100°C) by an additional con- 
centric coolant passage. The coolant is 
under a high pressure which is presum- 
ably carried by the outer annulus cool- 
ant tubes. Heavy water as moderator was 
also favoured, either with heavy water 
or gas cooling, by Jungnell, because of 
the very high cost of uranium in Sweden. 

Goodlet, Great Britain, was concerned 
at the relatively small amount of atten- 
tion paid to reactor safety and particu- 
larly to containment, in the papers and 
discussion. Although the Calder type of 
reactor is considered to be extremely 
safe, he regarded such questions as a 
matter for urgent international discus- 
Naumann, expressed 


sion. Germany, 


similar thoughts even more forcibly; the 
protection of workers against radiation 
must be treated most seriously, which 
led McLean of Risley to state emphati- 
cally that the industry is not in any way 
underestimating this problem: a great 
deal has been done in all British plants 
where the average cost of protection of 
workers has so far been very high. Previ- 
(Windscale) had reported 
maintenance 


ously, Fair 
satisfactory 
operations on the piles situated there. 
American speakers Leclair, Martin and 
Griswold mentioned the designs of re- 
actor with which they are concerned. 
The 180 MW boiling water has modified 
fuel elements and pressure vessel, but 
sodium 


conduct of 


higher steam conditions; the 
graphite reactor is now considered pro- 
mising for outputs greater than 60 MW 
electrical, while organic liquids are 
thought useful for smaller outputs. The 
Detroit Edison fast reactor is being re- 
examined in respect of the core tem- 
perature coefficient. 

The general conclusion was reached 
that although in the absence of extensive 
experience it is never practicable to 
speak of costs with any certainty (and 
nuclear power is not likely to violate 
this rule!) yet the time has come when 
the technique is available to any country 
which really finds a necessity for it, and 
under these special circumstances it is 
likely that the cost will be reasonable, 
viewed in relation to the trend of costs 


involving conventional fuels. 


impressive hydro plants 

There are many point of common in- 
terest between nuclear and hydro-power, 
and a brief review of the subjects dis- 
cussed under this heading may be use- 
ful. In Section B we mentioned the large 
resources awaiting exploitation in Asia 
and Africa, and certainly the scale of 
operation of the hydroelectric engineer 
is to be respected perhaps for the 
mechanical plant he installs, such as, say, 
the turbines for the Quebee Hydro Elec- 
tric Commission, for which the head is 
875 ft, 175,000 b.h.p. output at 277 rev 
“straight flow” rotary valves 
for this turbine are 7 ft 9 in bore—per- 
haps for his civil engineering work, such 
as the dam work reported by Nillson of 
the Swedish State Power Board. Nillson 
states, “ the tunnel blasting technique has 
developed rapidly in Sweden, due to in- 
between manufac- 


min—the 


timate 
turers of drilling machines and hard metal 
drills, and Swedish builders of power 
plants and mines....An idea of the ad- 
vance is shown in the costs for two dis- 
charge tunnels at Forsaco. One 150 m’ 
area was built in 1946-47, the other 170 
m’® in 1954-5. Both are about 1 km long 
and run parallel and are in the same 
kind of rock. The first one cost 18 
Kr/m*, the other one 22 Kr/m* but the 


cooperation 


225 





price level has during these years gone 
up 100 per cent, wherefore the real cost 
has dropped considerably.” 

The use of liquid coolants in reactors 
provokes attention to hydraulic experi- 
mentation equally with aerodynamics, 
and a number of papers touched on this 
subject, at least to show that problems 
met by reactor engineers may be well 
known to hydraulics engineers. Here may 
be mentioned a paper by Braikevitch of 
Great Britain. 

The construction of large dams _in- 
volves of course site organisation of very 
high calibre, and papers H4, H11 and 
H40 may be of interest in this connec- 
tion. Like H3 which deals with tunnel- 
ling theory and practice they are in Ger- 
man. It is of interest to read that large 
dams can now be erected with a daily 
placing of concrete of 20,000 m° (of the 
order of 40,000 tons) per day. A paper by 
Fulton, Haldane and Mountain mentions 
the important relation between nuclear 
power and pumped storage schemes for 
countries with suitable topography. This 


point was emphasised in discussion by 
Gilbrat (France) who emphasised the im- 
portance of the development of reversible 


sets. 


* Other sources * discounted 

Russian speakers surveyed the methods 
in use for reduction of construction costs, 
including standardization of design, great 
emphasis on continuity of work even 
through the winter, new types of shutter- 
ing such as precast concrete plates or 
Welding of 


large turbine parts has resulted in large 


close mesh wire netting. 


saving of weight. 

In Section K were dealt with “ other 
sources of energy ”, and it is fairly clear 
from the papers, the general report of 
Professor Thirring and from the discus- 
sion that there is little real likelihood 
of a significant contribution to world 
power supplies from any of these sources 
such as solar radiation, fuel cells, high 
pressure CQO. from the ground, or ther- 
mal springs. For technical interest, how- 
ever, the paper on heat pump develop- 








T. B. Webt W. R. Wootton 


Mr T. B. Webb BSc (Eng) MIMechE, 
MASME has been appointed Chief 
Engineer and Manager of the newly- 
formed Atomic Energy Department of 
Babcock and Wilcox Ltd (see news story 
this issue). Mr Webb has for some years 
directed the activities of the Babcock re- 
search centre at Renfrew and has been 
closely connected with the firm’s investi- 
gations into the applications of nuclear 
energy to power production, As Assistant 
Manager of the new department, Mr 
W. R. Wootton has been appointed. Mr 
Wootton, who is one of the company’s 
senior engineers, is well known in nuclear 
energy circles both here and abroad and 
has been closely associated with the AEA 
in feasibility studies for atomic develop- 
ments. He was also closely connected 
with the Babcock steam-raising plant at 
Calder Hall. At Renfrew, Dr W. B. Carl- 
son, DSc, MIMechE takes over Mr 
Webb's old post. 


Mr J. T. W. Dewar MIMechE, 
AMIProdE was appointed an additional 


director of the English Steel Corporation 





Ltd on Sept. 1. Mr Dewar is also Deputy 
Managing Director of Firth-Vickers Stain- 
less Steel Ltd and Managing Director of 
Shepcote Lane Rolling Mills Ltd. He 
started as a works pupil with Vickers 
Ltd in 1925, transferred to Firth-Vickers 
Stainless Steel Ltd in 1934, to Thos. Firth 
and John Brown in 1939. He became de- 
puty managing director of Firth-Vickers 
Steels Ltd in 1946 and in 1950 was made 
Managing Director of Shepcote Lane 
Rolling Mills Ltd. 


Mr James F. Widman has joined the 
board of Union Carbide Ltd. 


Mr S. Polkinghorn previously general 
sales manager, has been made general 
Commercial Manager of Compoflex Ltd 


with direct responsibility for home and 
export sales. Mr J. Pickthall becomes 
home sales manager and is assisted by 
Mr C. V. Hadley in charge of the liquids 
handling side; by Mr H. J. Bergin on 
non-liquids. 


ment in Great Britain, by Miss M. 
Griffith and J. A. Sumner, and the paper 
on fuel cells, by Bacon and Forrest, and 
a paper on the economics of multi-stage 
evaporation may be mentioned. 

Sections L and M dealt with the puri- 
fication of waste water and gases in the 
production and use of energy, and here 
were mentioned the special problems 
and responsibilities of atomic energy 
projects. The paper of McLean, Dunster 
and Fair of the United Kingdom Atomic 
Energy Authority gave a very realistic 
survey of this question, although it was 
actually dealt with in Section J. 

In this report we have tried to men- 
tion a reasonable number of the points 
of interest in a very wide range. We 
recommend for further reading, firstly 
the general reports of the various sec- 
tions, but particularly Sections G,,2,:, See- 
tions H, and H:, Sections J; and J.. In 
these, the Austrian reporters give a mas- 
terly summary of the subject matter, 
particularly considering the difficulties 
of their position in Section J. 


Mr B. W. Kerrigan has been appointed 
secretary of the Institution of Mining 
and Metallurgy. 


Mr G. Ensor BSc, AMIEE, a director of 
Fielden Electronics Ltd becomes general 
manager and Mr Victor Thomas, general 
sales manager. 


Mr E. W. Bussey CBE will relinquish 
his appointment as chairman of the Em- 
ployers Side of the Joint Negotiating 
Committee for the Electricity Supply In- 
dustry on December 31. Mr Bussey be- 
gan his career in the supply industry in 
1909. 


Keith Blackman Ltd recently announced 
three new directors: Mr C. J. Atkins, 
sales director; Mr G. W. Goodge, con- 
tracts director; Mr S. Hudson, director 
and London works manager. Mr A. H. 
Woodley was made sales manager. 


Mr F. W. Martin has given up his posi- 
tion as joint managing director of Tube 
Products Ltd, Oldbury, to become deputy 
chairman. He is succeeded by Mr E. D. E. 
Andrewes who relinquishes the joint 
managing directorship of Accles and Pol- 
lock Ltd but who retains his directorship. 
Sir Archibald Gill BSc (Eng) MIEE, has 
joined British Telecommunications Re- 
search Ltd as director and _ general 


manager. 
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Thermal Power from Nuclear Reactors by A. S. Thompson 
and O. E. Rodgers. 6in. x 9°25 in. pp. 229. New York: John 
Wiley, London 1956: Chapman & Hall, Price 58s 


The first thing to be said about this book is that its 
title is most misleading. The implication in the title 
is that it mainly deals with the problems of the re- 
moval of heat from nuclear reactors. In fact, this 
aspect is not dealt with until p. 186 and then only 
occupies 20 pages. 

The book, in fact, deals mainly with the subjects 
usually known as reactor physics or reactor theory. It 
opens with a discussion of the facts of nuclear physics 
necessary for the understanding of how and why a 
reactor works and then goes on to discuss the simple 
equations which govern the neutron behaviour in 
a reactor and the quantities which determine the 
critical size. (It is unfortunate that the authors make 
the common error of stating that the neutron flux is 
the number of neutrons crossing unit area in unit 
time). This latter chapter, however, contains a useful 
treatment of the numerical solution of the reactor 
equations, 

The important topic of reactor kinetics is next dis- 
cussed with particular reference to non-linear 
kineties—again with emphasis on numerical methods. 
The shielding problem is then dealt with quite 
briefly and this is followed by a summary of the 
properties of materials used in reactors. 

Thermal stress is dealt with at some length as the 
first part of what might be described as the engineer- 
ing part of the book and this is followed by a chapter 
on power extraction from reactors and finally a chap- 
ter on thermal power cycles. 

The authors have tried hard to produce a simple 
treatment of their subject and have not always suc- 
ceeded. Also it seems a pity in a book primarily 
intended for engineers that there are not more graphs 
and tables of data. James F. Hill 


Power Production by Hans Thirring. 6in. 
London 1956: Geo G. Harrap. 25s net 


co 


tom 


1. 399pp. 


Humanity’s three great tasks, maintains Professor 
Thirring, are: food production, power production 
and education and although his book is concerned 
with the second, the first is, in his opinion, * the 
most urgent’, the third ‘ the most noble ’. 

By education, however, he means not merely the 
abolition of illiteracy but the enlightenment of the 
so-called ‘educated’ and reigning classes. Only in 
societies led by men educated in this broader sense, 
will global welfare projects become possible. So 
although the book is devoted to power production 
it is also an attempt to tackle his third task. The 
difficulty in all this is that the grasping of even a 
simple scientific concept such as power or work is 
almost beyond the reach of anyone not possessed of 

basic knowledge of natural philosophy. This can- 
not be obtained just by sitting down with a good 
book: one has to really do one’s sums before the 
significance of the writing begins to emerge. Unfor- 
tunately only a certain proportion of otherwise in- 
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tellectually gifted people have the talent or inclina- 
tion for this. Nothing daunted, Professor Thirring 
takes on the monumental task of making the subject 
of global energy production intelligible to the general 
reader and if it is probably well over the head of the 
majority, the scientifically inclined will undoubtedly 
find it stimulating. The general plan of the book is 
to describe in some detail the means of producing 
energy and then to examine sources of energy which 
can be used in these machines. No possible source of 
energy from coal to biological and solar methods 
seem to have been left unexplored and he abundantly 
succeeds in conveying an impression of fantastic 
waste. 

Prof. Thirring is particularly interesting on water 
power and he includes a description of the vast 
Brahmaputra project which he recently put forward 
at the Fifth World Power Conference in Vienna. In 
a nutshell, this, at the lowest estimate, would produce 
in a single plant nearly three times the present elec- 
tricity output from all sources in the U.K. On nuclear 
energy he provides a highly competent popular sur- 
vey and includes an illuminating chapter on thermo- 
nuclear reactions. 

Although written in excellent English (it is not a 
translation) there is a certain confusion about units 
and at least one metric enthusiast found himself long- 
ing for the replacement of our antiquated system. 
The advent of nuclear power could have provided the 
opportunity to change, but with the Americans solid 
for the B.t.u. the moment seems to have passed. 


W.D. 


Atoms in Industry | and Il London 1956: Political and 
Economic Planning, 16 Queen Anne's Gate, S.W.|, Price 
2s 6d each 


These two slim pamphlets form issues no. 388 and 
389 volume XXII of PEP’S journal Planning and 
are intended to provide an overall picture, not of the 
theory of atomic energy, but how it is being organ- 
ised in this country. The first volume is devoted to 
the organisation of United Kingdom Atomic Energy 
Authority and to the British White Paper Plan for 
nuclear power generation. 

The second volume continues with a discussion of 
the siting of power stations and the problems connec- 
ted with their insurance. It then goes on to discuss iso- 
topes and concludes with a review of the present 
position on international cooperation. 


THE G.E.C. SIMON-CARVES Atomic Energy 
Group have published a brochure which details the 
position the group is establishing in the field of atomic 
energy. 


BAIRD AND TATLOCK (LONDON) LTD, Fresh- 
water Road, Chadwell Heath, Essex, recently issued 
their Bulletin and Laboratory News, Series 2, No. 25. 
This includes descriptions of several items of new 
equipment including an interesting small Van de 
Graaft generator for demonstration use with a maxi- 
mum potential of 450,000 volts. 
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153,130 Improvements in atomic- 
energy producing devices United 
Kingdom Atomic Energy Authority 
itors: S. G. Bauer and R. E. Newel 
8, 1956 


(In- 


19145 the invention relates 


to a type of liquid-cooled heterogeneous 


Dating from 


reactor in which the liquid coolant and 
moderator may be controlled separately. 
One application of the invention is shown 
The 


in a right cylindrical tank. The fuel rods 


in the diagram. core is contained 


are held in vertical holes which connect 
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Liquid coolant and moderator are kept 
separate in this heterogeneous reactor 


the tank 
which is filled with a moderating fluid 


to headers above and below 
such as heavy water. The cooling fluid 
may the 
flow can be adjusted to give optimum 


be light or heavy water and 
operation without affecting the moderator 
which is cooled in a separate heat ex- 
A modification of the invention 
thus 
dispensing with the tubes enclosing the 
Alteration of the 
level in the tank may also be used to con- 


changer. 


is to have tubular fuel elements, 


fuel rods. moderator 


trol reactivity. 


/54,65| Improvements in or relating 
to methods of separating plutonium 
Frank Morgan, August 8, 1956 


First filed in 1946, the invention describes 
a method for separating plutonium, ura- 
fission products 


nium and mixed in- 





with the permission of the Controller 
Branch), 25 Southampton St, London, 


niobium from 
irradiated fuel elements. The rods are 
first dissolved in nitric acid with the addi- 


cluding zirconium and 


tion of nitrates of zirconium and niobium 
as carrier compounds. An aqueous solu- 
tion of a soluble phosphate is added 
which causes precipitation of insoluble 
phosphates of plutonium, zirconium, bis- 
muth and niobium. These are treated 
with oxalic acid whereby the compounds 
of zirconium and niobium are rendered 
soluble and an insoluble residue of bis- 
muth and plutonium oxalates is formed. 
The final step is the separation of the 
plutonium from the bismuth which can 


be done in several ways. 


50,815 Improvements in or relat- 
ing to methods of producing radio- 
active preparations from metals or 


metal alloys made_ radioactive 
by nuclear reactor N.V. Philips’ 
Gloeilampenfabrieken, Eindhe 
AlatharlanA 

VOCrIC sti 


the electromotive force 


series of elements a metal may be used 


According to 
to replace any other metal below it in 
the series from its salts, it being possible 
for the metal liberated to deposit on the 
expelling metal. 

Ihe patent can best be illustrated by one 
of the examples given:—About 2 gm of 
silver irradiated with deuterons in a syn- 
chrocyclotron were dissolved in nitric 
acid. The solution was evaporated to a 
small volume to remove excess of nitric 
acid, then diluted with water and subse- 
quently made substantially alkaline with 
the use of ammonia. 20 gm of de-greased 
added the 
liquid, and the solution boiled for 20 
minutes. The tin on which the silver ions 


had deposited was removed by filtration, 


tin filings were to resultant 


10 mgm of iron chloride being added to 
the filtrate containing the isotope Cd-109. 
Subsequently, the solution was made alka- 
line and boiled whilst adding some drops 
of hydrogen peroxide, The deposit con- 
sisting of iron hydroxide and cadmium 
hydroxide was dissolved in a_ small 
amount of hydrochloric acid, whereafter 
the solution was given a pH value of 
about 3 with ammonia and ammonium 
acetate. Subsequently, the solution was 
shaken out with a mixture of benzoyl 
acetone and toluene, the iron chloride of 
the aqueous layer passing into the organic 
layer. The aqueous layer contained sub- 
stantially all the radio-active cadmium 
produced by the bombardment, but was 


free from silver and iron ions. 





of Her Majesty’s Stationery Office. Compl 
WC2, 3s. a copy (inc postage, inland & abroad) 


753,399 Process of Nuclear Fission 
Stichting voor Fundamenteel Onderzoe' 


der Materie, Utrecht, Netherlanc 
July 26, 1956 
In the fission process, the growth of 


powerfully neutron-absorbing poisons re- 
duces the reactivity and so they have to 
be removed periodically. This is a com- 
plicated process whether the fuel is in 
the form of solid rods or a solution. The 
present invention claims to obviate this 
by using a stable suspension of solid 
fuel particles in a carrier liquid. These 


heat 
exchanger 


\¥ 


reactor 





carrier liquid 
purification 







































hydrocyclone 
thickener 



























reserve tank 


Layout of a slurry reactor shows 
continuous fuel processing 


particles should have a diameter not 


more than 15 microns. 
The separation of the suspension from 
the carrier liquid may be done by a 
the 


fraction, consisting substantially of car- 


hydrocyclone thickener, overflow 
rier liquid, being then purified and re- 
turned to join the apex function to form 


a new fuel suspension. 


75!,429 Nuclear Reactor Stichting 
voor Fundamentee! Onderzoek der Mat- 
Utrecht, Netherlands, June 27, 


erie, 


1956 


In a non-boiling reactor an upper limit 
to the coolant temperature is set by the 
critical temperature of the liquid, Even 
this means very high pressures (300°C, 
1200 Ib/in*® for H:O and D.O). The in- 
ventors believe that pipes inside the re- 
actor, to withstand this pressure would 
to be impossibly thick from a 
nuclear absorption point of view and it 
is proposed to include the entire reactor, 
including at least a substantial part of 
the reflector, within a pressure vessel. It 
is claimed that this shell will also serve 
to reduce the amount of gamma shielding 
required. 


have 


NUCLEAR POWER SEPT /956 

















sit 
he 


en 


956 








RESEARCH 
and 
INDUSTRY 





THE SERVICES OF the Fulmer Research 
Institute are available to industry to carry 
out sponsored research on a_ confidential 


basis. The high qualifications of the staff 
£ | 


and the comprehensive range of laboratory 


equipment enable the Institute to handle, 


economically and_ efficiently, the specialised 


problems of a wide 


range of industries. 


WORK IN PROGRESS INCLUDES: 


purification and extraction of metals, light alloys and high- 
temperature alloy research, corrosion testing, creep and 
fatigue of metals at normal and elevated temperatures, x-ray 


studies on constitution of alloys, precipitation hardening, 
liquid metals etc. 


FOR FURTHER INFORMATION PLEASE WRITE TO: 
The Director of Research 
FULMER RESEARCH INSTITUTE 
LIMITED 
Tel.: FULMER 180 


STOKE POGES 








a 








NUCLEAR POWER SEPT 1956 





229 











HELP FOR OVERSEAS TRADERS 


MANUFACTURERS AND TRADERS 
are invited to apply for a_ useful 
booklet which describes how the 
Board of Trade, the Export Credits 
Guarantee Department, and a world 
network of UK commercial officers 
overseas can help and advise about 
export trade. 

The booklet gives details of helpful 
Government publications ; addresses 
of Regional offices in the United 
Kingdom ; and a list of places abroad 
where UK officials are at your service. 


A GUIDE TO 
GOVERNMENT 


SERVICES FOR 
EXPORTERS 


THE BOOKLET tells you how to set about getting answers to 
questions about tariffs and duties, getting lists of likely importers 
of your goods, protecting yourself against non-payment, appoint- 
ing agents, taking part in overseas trade affairs, making arrange- 
ments for a business trip abroad, and much more that will interest 
exporters old and new. 

It can be obtained from any of the Regional Offices of the Board 
of Trade ; from the Board’s Headquarters at Horse Guards Avenue. 
London, S.W.1 ; or from Export Services Branch at Lacon House. 


Theobalds Road, London, W.C.1. 


BOARD OF TRADE 
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Elliott-Giannini agreement 


Under a_ recently-announced agree- 
ment with Giannini Ltd, of 45, Gresham 
Street, London, EC2 (the British affiliate 
of the American company G. M. 
Giannini and Co Inc of Pasadena, Cali- 
fornia), Elliott Brothers (London) 
Limited are to manufacture and market 
Giannini shaft-rotation digitisers. 

These are a range of specially designed 
commutators which enable shaft posi- 
tions to be converted without ambiguity 
to electrical signals. They may be used 
for the conversion of physical variables 
such as pressure, motion, temperature, 
flow, ete., into a form suitable for entry 
into a digital computer, and/or for mak- 
ing permanent records in digital form 
of the information concerned. Typical 
commutators have 1,000 discrete steps for 
360° rotation (or less in some designs). 

Special available 
which will store very short-duration out- 
put signals from the commutators for 
sufficient time to operate comparatively 
slow recording or printing equipment 
(e.g. electric typewriters, card punches 
or tape punches). This makes it possible 
to record very rapidly changing data, 
error-free operation being obtainable up 
to rotation speeds of at least 120 rev/min. 

The suitable for 
attachment to most standard types of 
potentiometer recorder, 


“translators” are 


commutators are 
self-balancing 
and have already been successfully used 
with the well-known Bristol Dynamaster, 
manufactured in England by Bristol’s In- 
strument Company, a_ subsidiary of 
Elliott Brothers. 


EIL choose Bradford 


Expanding sales in the North of Eng- 
land, coupled with the increasing num- 
ber of industrial installations, have led 
Electronic Instruments Limited to open 
in Bradford at 8 
Duke Street. This centre, under the per- 
sonal direction of Mr A. C. Stewart, has 
been equipped with and 
spares to provide full repair facilities 
and to act as a showroom and demonstra- 


a new service centre 


instruments 


tion centre for the firm’s products. 

The city of Bradford has been selected 
because of its situation, which gives ex- 
cellent coverage for the main industrial 
areas in the north of England. 

One of the Company’s principal activi- 
ties is concerned with the manufacture 
of industrial pH equipment. The com- 
plex nature of some of these installations 
and the high intrinsic value of the pro- 
cesses being controlled, has prompted the 
Company to introduce a fleet of pH 
Mobile Service Units. This pH service, 
which is claimed to be unique, ensures 
that every E.LL. customer is regularly 
visited by a skilled engineer to ensure 
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COMPANIES 


that the plant is working at its best effi- 
ciency. One of the Mobile Service vans 
is stationed at the new Bradford centre 
and tours the North and North Midland 


counties. 


Soviet Minister at Fielden 

Mr M. E. Rokovskiy, Deputy Minister 
of Automation for the USSR, recently 
made a tour of inspection at Fielden 
Electronics Ltd, of Wythenshawe, Man- 
chester. Although originally he planned 
to spend only one hour, he passed the 
whole day there, cancelling a scheduled 
visit to a power station to do so. 

During the visit, the Deputy Minister 
appeared to be very well informed on 
industrial instrumentation, and seemed 
extremely impressed by what he saw in 
the works. He was shown round by Mr 
J. E Fielden, founder of the firm and 
Governing Director, and afterwards he 
invited some Fielden personnel to visit 
Moscow. Mr V. Thomas, Fielden’s Sales 
Manager, later attended a farewell party 
for Mr Rokovskiy at the Russian Em- 
bassy in London. 

Since Mr Rokovskiy’s visit, several en- 
quiries have been received from coun- 
tries beyond the Iron Curtain. 


GEC laboratories renamed 

of The 
Ltd. at Stanmore 
Brown’s Lane (Coventry) 
(South Australia) have 
been renamed under a group title of 
Applied Electronics. 

Names and addresses of these estab- 
lishments are now as follows :— 


Three laboratories General 
Electric Company 
(Middlesex), 


and Salisbury 


The General Electric Company Limited, 
Applied Electronics Laboratories, 
The Grove, 
Stanmore, Middlesex. 


The General Electric Company Limited, 
Applied Electronics Laboratories, 
Brown’s Lane, 
Allesley, Coventry. 


The General Electric Co Ltd of England 
Applied Electronics Laboratories, 
P.O. Box No. 127, 
Salisbury, 
South Australia, 
Australia. 


Lab ware price peg 


It is hoped that prices of laboratory 
apparatus will be held stationary for a 
period in accordance with Government 
policy as a result of a resolution carried 
by a general meeting of the British 
Laboratory Ware Association held last 
month in London. The resolution pledges 
members to maintain for six months 
prices existing at September 1 for both 


home and overseas sales. It was also 
agreed that non-members should be asked 
to cooperate with the Association in this 
matter. 


Babcock Developments 

Under Chief Engineer W. F. C. Schaap, 
Babcock and Wilcox Ltd. set up a new 
Atomic Energy Department on October 2. 
Chosen as manager of this important new 
development was erstwhile Renfrew re- 
search chief T. B. Webb, with W. R. 
Wootton as _ assistant 
‘names in the news’). 

The new department will be respon- 
sible for development, proposition and 
contract engineering in the atomic 
energy field and will collaborate closely 
with the existing Babcock sales, engineer- 
ing, commercial and manufacturing de- 
partments. The company say they attach 
the greatest significance to this new ven- 
ture which is destined to grow rapidly 
in size and responsibility in conformity 
with the sharply rising curve of atomic 
develepment in Great Britain and 
throughout the world. 


manager (see 


Dunlop start irradiation 

Said to be the first of its kind in the 
British rubber industry, Dunlop recently 
opened a new laboratory at their Bir- 
mingham research centre for the study 
of the irradiation of rubber and plastics. 
The laboratory is equipped at present 
with a 100 curie cobalt-60 source but it is 
planned to supplement this with a 1000 
curie source when it becomes available. 
According to director of research, E. A. 
Murphy, irratiation can be used for vul- 
canizing materials which are intractable 
by normal processes and can also pro- 
duce new types of synthetic polymers. 
The laboratory comprehensive 
shielding and_ elaborate 


uses 
arrangements 
safety devices. 


Kent dividend maintained 

A slight drop in group net profits from 
£167,800 to £161,423 for the year ended 
March 24 was a feature of George Kent 
Ltd’s operations. A final dividend of 12 
per cent to make 15 per cent for the 
year on the £720,000 Ordinary capital 
is the same as 
last year on a smaller capital. A one-for- 
two rights issue was made last Septem- 
ber. George Kent are among the fore- 
most suppliers of industrial measuring 
instruments to the AEA establishments. 


was recommended and 


World’s reactors now 75 


More than 75 nuclear reactors have so 
far been the world ac- 
cording to a survey undertaken by the 
German monthly Die Atomwirtschaft. 


constructed in 





A special July/August ‘reactor issue’ of 
the magazine contains 15 pages of tabu- 
lar data for 63 types of reactor, some 
of which, like the Hareford and Savan- 
nah reactors, are duplicated, A critical 
appraisal of the various reactor types is 
given by Dr R. Schulten. Other contri- 
butions include a discussion of problems 
of nuclear power programmes by Prof 
Karl Wirtz and a 
new German nuclear energy bill by Dr 
M. Scheidwimmer of the German Minis- 


commentary on the 


try for Atomic Affairs. 


British agents for Die Atomwirtschaft 
Rowse Muir Publications Ltd, 3 
Percy Street, London, W.1. 


are: 


Plessey set up US company 


The Plessey Company of Ilford has 
formed = an Corporation, 
Plessey Incorporated, to handle its inter- 
ests in the United States. The firm have 
a number of agreements and associations 


American 





Magnetic Resonance 

A symposium is being arranged by the 
Liverpool and North Wales Branch of 
the Institute of Physics at the Univer- 
sity College of North Wales, Bangor, on 
September 26 and 27. 


will be given by Dr B. 
(Clarendon, Oxford) on Free 
Atom Resonance, Dr J. G. Powles 
(QMC, London) on Spin Echo Tech- 
niques, Dr R. E. Richards (Oxford) on 
Magnets, and Professor E. R. Andrew 
(UCNW, Bangor) on Nuclear Magnetic 
work and other research at 


Lectures 
Bleaney 


Resonance 
Bangor. 


Further particulars may be obtained 
from Professor E. R. Andrew, Physics 
Department, University College of North 
Wales, Bangor, Caernarvonshire. Accom- 
modation will be available for a limited 
number. 


New instruments at Stockholm 


The Instruments and Measurements 
Conference to be held in Stockholm from 
September 17-19 will include a special 
section on nuclear instruments This will 
commence at 10 o’clock on September 17 
with an address by Dr Denis Taylor (In- 
strumentation Editor of NUCLEAR 
POWER) on Design trends in radiation 
monitoring instruments for uranium pro- 
specting and other purposes. He will be 
followed by R. L. Butenhoff, instrument 
chief of the USAEC, on Nuclear Instru- 
ments in the USA. Other papers in this 
section will be: Dr. K. E. Larsson, A.B. 
Atomenergi, A xenon gas scintillation 
fission counter; I. Braun, A.B. Atom- 
energi, A new alpha probe for personnel 
monitoring; K. Johansson, A.B. 
energi, A logarithmic gamma monitor; 
J. S. Lindhe, A.B. Atomenergi, A thin 
window proportional flow counter; A. B. 
Gillespie, Harwell, Recent development 
in electronic equipment for 
energy research; Dr E. Franklin, Har- 
Scaling system using 
memory; Dr A. G. Stebler, Landis und 
Gyr A.G., A simple radiation measuring 
instrument and its applications; E. Berne, 
Géteborg, Scintillation scanning as a tool 


Atom- 


nuclear 


well, magnetic 


INS TITO TIONS 


for medical diagnostic work; K. Kan- 
diah, Harwell, The design of multi- 
channel analysers in nuclear physics; Dr 
J. Kohl, Tracerlab Inc, Radiation spec- 
trometers and their applications in in- 
dustrial tracer experiments; Dr R. V. 
Gasstrom, Holland, A new type of pulse- 
height analyser utilizing a cathode-ray 
tube with a photo-transistor sorting ele- 
ment; K. Ljunggren, Stockholm, A scin- 
tillation detector designed for industrial 
investigations with some applications; 
J. Bjorkman, A.B. Atomenergi, 
chronizing neutron chopper and time an- 
alyzer; Dr O. Beer, Germany, Materials 
for protection against radioactivity; J. L. 
Putman, Harwell, Developments in the 
of radioisotopes in industrial re- 
search and process control; E Rotkirch, 
Helsinki, Use of radioisotopes for pro- 
in Finland, Mixing 
cement factory raw meal 
G. Erwall, Stockholm, Recent 
industrial applications of radioisotopes in 
Dr U. S. Landergren, SKF, 
radioactivity method for 
measuring wear in ball bearings; Ingrid 
Fineman, Stockholm, Scintillation spec- 
trometry applied to activation analysis 
with special regard to copper and man- 
ganese; U. A. Luoto, Helsinki, A method 
of half life correction during industrial 
investigations with short-life isotopes. 


Syn- 


use 


cess investigations 
pattern in 


basin; L. 


Sweden; 
Sweden, A 


BNEC Programme 


The September meeting is sponsored 
by the Institution of Civil Engineers and 
will be held at the Institution—the paper 
to be read will be The problem of liquid 
and gaseous effluent disposal at Wind- 


scale by F. R. Farmer. The October 
meeting will be at the Institution of 
Electrical Engineers, and will be Conduc- 
tion and induction pumps for liquid 


metals by L. R. Blake. 


“H-power certain '—Thomson 


Thermonuclear reactions might make 
it possible to obtain electricity direct, 
without the intervention of a heat engine, 
according to Sir George Paget Thomson 


with American companies and the new 
corporation will facilitate relations with 
them. Meanwhile, Plessey’s Chicago 
office has been closed and now all busi- 
ness is being handled by Plessey Incor- 
porated at 41 East 42nd Street, New York 
City, NY. President is Mr W. J. Sins- 
heimer. 

Plessey have been very active in nu- 
clear energy in this country and are re- 
sponsible for the burst cartridge detec- 
tion installation at Calder Hall. 


FRS addressing the 118th Annual Meet- 
ing of the British Association for the 
Advancement of Science in Sheffield on 
August 30. Referring to the thermo. 
nuclear process, Sir George declared ‘I 
have no doubt that in the not very dis- 
tant future it will be tamed for peaceful 
purposes. Whether it will greatly im- 
prove on uranium and thorium remains 
to be seen. It will depend on how com- 
plex the devices have to be to release it. 
In the long run I think it may win, as 
I believe there is much more possibility 
of deriving electrical energy directly 
from a nuclear reaction in the case of 
deuterium than in the case of uranium, 
and this would save the inefficiency of 
the heat engine that now interposes itself. 
It is also possible that a combination of 
the two might prove economic. The 
deuterium reaction produces neutrons 
these might be used to turn uranium into 
plutonium, or thorium 233, thus produc- 
ing very valuable material which can be 
used to enrich normal uranium’. 


Referring to the limitations of nuclear 
power, Sir George said the chief one 
was the necessary shielding. For this 
reason he saw not the slightest hope for 
the nuclear motor car, and he had grave 
doubts about the nuclear aeroplane—for 
the Atlantic crossing he did not believe 
that the saving in fuel weight would 
compensate for the weight of the shield 
and the increased complexity of the 
machinery, at least in an aeroplane of 
anything like the present size. 


The application of atomic power to 
make Antarctica habitable was mentioned 
by Sir Raymond Priestley in his Presi- 
dential Address Twentieth Century Man 
Against Antarctica. Sir Raymond said that 
now nuclear icebreakers could be built, 
there was no reason why atomic-powered 
settlements should not be set up on the 
mainland. But this would only be prac- 
ticable if a worth-while economic objec- 
tive were discovered. This was not in 
sight yet but he was sure there must be 
great and valuable mineral deposits to 
be found and there was also the possi- 
bility of using Antarctica as a gigantic 
world food store. 
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United Kingdom 


sllowing reports have recently been made available 


to the public by the United Kingdom Atomic Energy 
Authority. They may be borrowed or photo-copies obtained 

the following libraries: British Museum; University 
Library, Cambridge, Radcliffe Science Library Oxford: 
Natio Library of Scotland, Edinburgh: Potent Office 
Library, London: Science Museum Library, London: 
Library, Glasgow: and the Central Libraries at 
igham, Liverpool, Manchester, Newcastle-upon- 
Tyne and Sheffield, Reports marked * may be purchased 
from Her Majesty's Stationery Office 


Atomic Energy Research Estabt. 

The volumetric determination of uranium 
in aluminium-uranium alloys. A. Bacon, 
G. W. C. Milner. (Mar 21, 1956. 21 pp) 
3s 3d. AERE-C/R 1813* 

The measurement of radio-activity in the 
human body by Nal-TI scintillation coun- 
ters. R. B. Owen. (Feb 2, 1956. 12 pp) 
2s 6d. AERE-EL/R 1851* 

Compact D.C. power supplies in the 100 
kV region. H. C. Whitby. (Feb 7, 1956. 
19 pp) 4s 6d. AERE-GP/R 1855* 

The separation of rhodium-105 from 
mixed fission products. R. B. Chenley, 
R. G. Osmond, S. G. Perry. (Feb 1956. 
12 pp) 2s. AERE-C/R 1870* 

Fission-product concentrations and poison- 
ing in a homogeneous reactor with chemi- 
cal processing. W. H. L. Porter. (Mar 10, 
1956. 50 pp) AERE-M/R 1889 

The electrodeposition of ruthenium. A. C. 
Littlejohn. (Mar 1, 1956. 4 pp) AERE- 
C/R 1892 

Solution of the multi-group neutron dif- 
fusion equations on a digital computer. 
A. Hassit. (Mar 1956, 15 pp) AERE-T/R 
1904 

The corrosion and erosion of nickel by 
molten caustic soda and sodium uranate 
suspensions under dynamic conditions. 
J. N. Gregory, N. Hodge, J. V. G. Iredale. 
(Mar 1956. 23 pp) 4s 3d. AERE-C/M 273* 
Corona’ discharge tube _ stabilisation. 
T. A. J. Jacques. (Apr 1950. 17 pp) AERE- 
EL/M 42 

X-ray investigation of the products formed 
on heating uranium and aluminium in con- 
tact. (Apr 22, 1948. 7 pp) AERE-G/M 13 
Theory and design of an acoustic pres- 
sure gauge. W. Millar. (Apr 1956. 21 pp) 
AERE-GP/M 190 

A portable self-contained air sampler for 
emergency use. R. F. Hounam. (Sep 16, 
1954. 7 pp) Is 9d. AERE-HP/M 89* 

The reaction of beryllium with carbon di- 
oxide in the temperature range 500- 
700°C. W. Munro, J. Williams. (Feb 1956. 
16 pp) AERE-M/M 108 

Neutron detectors for the Harwell Fast 
Chopper. K. P. Nicholson, J. W. Hall. 
(Mar 26, 1956. 18 pp) 2s 9d. AERE-N/M 
76* 

Design of a large antimony-beryllium neu- 
tron source for use with exponential 
assemblies. V. S. Crocker, K. J. Henry. 
(Mar 7), 1956. 10 pp) 2s. AERE-RP/M 72 
Solution of the two diffusion equations 
for DIMPLE. A. Hassit. (Feb 1956. 5 pp) 
AERE-T/M 131 






Industrial Group 

Nuclear power engineering; a select and 
annotated bibliography. J. C. Hartas (Apr 
1956. 10 pp) IGRL-IB/R 6 
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The conversion of an M.S.3 for the iso- 
topic analysis of lithium. J. Bishop, R. P. 
Briercliffe, P. G. Bentley. (Feb 8, 1956. 
14 pp) IGR-R/CA 163 

Oxidation of potassium. Report of pro- 
gress to 31/1/56. P. B. Longton. (May 14, 
1956. 12 pp) IGR-TN/C 336 


United States 


The more important reports of the United States Atomic 
Energy Commission are published by the Office of Technical 
Services, US Department of Commerce, Washington 25, 
DC. Others of a more specialised nature are deposited 
at the Library of Congress. The OTS reports are printed 
and may be ordered from the address given. Those at the 
Library of Congress (LC) are avaiiable only on microfilm 
(Mi) or photocopy (ph). Orders for these reports should 
be sent to: Library of Congress, Photoduplication Service, 
Publications Board Project, Washington 25, DC. The 
reports listed here are only a very small selection: the full 
list is given in the monthly publication US Government 
Research Reports which is obtainable from the OTS at 
an annual subscription of $9 


The properties of zirconium and its possi- 
bilities for thermal reactors. Harold B. 
Fairchild. Oak Ridge National Lab, Tenn. 
Jan 1949. Decl. with deletions Jan 1956. 
Contract W-7405-eng-26. 106 pp. Order 
from LC. Mi $570, ph $1680. AECD- 
3891 

Textures in rolled uranium rod. W. P. 
Chernock, L. W. Kates. Sylvania Electric 
Products, Inc, Bayside, NY. Apr 1952. 
Decl. Jan 1956. Contract AT-30-1-gen-366. 
21 pp. Order from LC. Mi $2°70, ph $4-80. 
AECD-4001 

Development of zirconium alloys. Part I. 
A. D. Schwope, L. L. Marsh, W. Chubb. 
Battelle Memorial Inst, Columbus, Ohio, 
Aug 1951. Decl. Nov 1955. Contract W- 
7405-eng-92. 22 pp. Orders from OTS. 25c. 
BMI-79 

Development of zirconium alloys, Part Il. 
A. D. Schwope and W. Chubb. Battelle 
Memorial Inst, Columbus, Ohio. Jan 1952. 
Decl. Nov 1955. 25 pp. Order from OTS. 
20c. BMI-718 

The cladding of zirconium. H. A. Saller, 
J. R. Keeler, E. R. Szumachowski, Bat- 
telle Memorial Inst, Columbus, Ohio. Dec 
1951. Decl. Nov 1955. Contract W-7405- 
eng-92. 13 pp. Order from OTS. 15c. 
BMI-717 

The properties of thorium alloys. Murray 
C. Udy, Francis W. Boulger. Battelle 
Memorial Inst, Columbus, Ohio. Sep 1951. 
Decl. Nov 1955. Contract W-7405-eng-92. 
93 pp. Order from OTS. 50c. BMI-717 
Temperature coefficient of the LMFR. J. 
Fleck. Brookhaven National Lab, Upton, 
NY. Jul 1954. Decl. Nov 1955. Contract 
AT-30-2-gen-16. 3 pp. Order from OTS. 
10c. BNL-2390 

Theory of neutron chain reactors, volume 
|. Diffusion and slowing down of neu- 
trons, chapters I-IV. Alvin M. Weinberg 
and L. C. Noderer. Oak Ridge National 
Lab, Oak Ridge, Tenn. May 1951. Decl. 
Jan 1956. Contract W-7405-eng-26. 255 pp. 
Order from OTS $1°25. CF-51-5-98 
Heating by fast neutrons in a Barytes con- 
crete shield. F. H. Abernathy, H. L. F. 
Enlund. Oak Ridge National Lab, Tenn. 
Feb 1953. Decl. Dec 1955. Contract W- 
7405-eng-26. 7 pp. Order from LC. Mi 
$180. ph $1°80. CF-52-2-99 


RESEARCH REPORTS 


High density concrete shielding. Supple- 
ment title: Heat testing of high density 
concrete. C. R. Binner, C. B. Wilkie, 
Philip Miller. H. K. Ferguson Co, Inc, 
New York, NY. Feb 1949. Decl. Sep 1955. 
Contract AT-30-2-gen-16. 49 pp. Order 
from OTS. 35c. HKF-1 and Suppl. 
Proportional counters for use with neu- 
tron velocity selector. E. B. Fehr, E. C. 
Palmer, W. J. McRoberts, Knolls Atomic 
Power Lab, Schenectady, NY. Dec 1955. 
Contract W-31-109-eng-52. 19 pp. Order 
from OTS. 20c. KAPL-1110 


Canada 


The following reports may be obtained from: Scientific 
Document Distribution Office, Atomic Energy of Canada 
Limited, Chalk River, Ontario, Remittances should accom- 
pany the order and should be in the form of cash, bank or 
express postal money orders or cheques made payable in 
Canadian funds at par in Chalk River to Atomic Energy 
of Canada Limited. 


Health and safety activities in reactor 
operations and chemical processing plants. 
A. J. Cipriani. (Chalk River Report 8 pp) 
10c, AECL 207 

Heavy water production by natural water 
distillation. Il. Wetted-Wall column 
development. A. R. Bancroft, H. K. Rae. 
(1955. 57 pp) 75c. AECL 230, CRCE-608 
The accident to the NRX reactor on Dec- 
ember 12, 1952. W. B. Lewis. (1953. 
11 pp) 25ce. AECL 232, DR-32 

The accident of the NRX reactor, part Il. 
D. G. Hirst. (1953. 32 pp) $1°00. AECL 
233, GPI-14 

The cooling of NRX rods, D. G. Hurst, 
A. C. Johnson. (1954. 28 pp) $1°00 AECL 
234, CRR-557 

The preliminary design for NPD. H. A. 
Smith. (1955. 25 pp) $1°00. AECL 240 
A two-zone slurry reactor. M. F. Duret, 
1. L. Wilson. (1953. 15 pp) 50c. AECL 
249, CRNE-558 

Calculated cross sections of irradiated 
thorium. D. G. Hurst, H. Gellman. (1953 
17 pp) 50c. AECL 250, CRR-540 
Reprocessing of nuclear fuels. G. W. Hat- 
field. (1955. 14 pp) 25c. AECL 259 
Economic power fuelling without U-235 
enrichment. W. B. Lewis. (1955. 23 pp) 
$1:00. AECL 265, DL-19 

Attainable burn-up of uranium with plu- 
tonium recycling. W. B. Lewis (1956. 
31 pp) $1°00. AECL 285, DR-38 
Spectrochemical analysis of plutonium. G. 
Zotov. C A. Fowler. (1955. 30 pp) $1°00. 
AECL 298 

The atomic energy programme in Canada. 
W. J. Bennett. (1956. 10 pp) Free. AECL 
302 

Fission products accumulation. W. H. 
Walker. (1956. 47 pp). $1°50. AECL 309, 
CRRP-634 

Some experiments related to the proces- 
sing of plutonium-aluminium alloy by high 
temperature methods, D. E. McKenzie, 
J. W. Fletcher, T. Bruce. (1956. 10 pp) 
50c. AECL 310. CRC-636 

The heavy water reactor for power. W. B. 
Lewis (1956. 49 pp) $1'50. AECL 319, 
DL-25 
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‘Absolute’ air filters are 
individually tested 


A new range of Vokes filters has been developed to ensure 
efficient filtration where radioactive dust (such as in nuclear 
energy installations) or dustborne bacteria could be really 
dangerous. In these cases, even submicron particles of dust 
can have serious results, and it is to arrest these minute 
particles that Vokes now offer their ‘Absolute’ Filters. 

To ensure complete dependability, every Vokes ‘Absolute’ 
Filter is tested by the ‘methylene blue’ method* before 
dispatch ; any unit not registering at least 99°95%, efficiency 
is automatically rejected. In this way Vokes maintain their 
claim of ‘absolute’ air filtration in those cases where serious 
trouble might result because of the nature of the dust. 


* How Vokes Filters are individually tested 


The test—known as the ‘methylene 
blue penetration’ test—consists of a 
comparison of dye stains between 
the inlet and outlet sides of the filter. 
A 1 solution of methylene blue 
dye in water is passed through an 
atomiser. In evaporating, the water 
droplets leave dye particles of a 
known size in the airstream. By 
number, 90",, of these particles are 
below 0:5 micron in size, while 50 

of them measure less than 0:05 
micron, These are the dangerous 
particles stopped by the Vokes 
‘Absolute’ Air Filters to your 
plant’s benefit. The box-type can- 
ister shown in the photograph was 
tested at 200 c.f.m, and with a 
water gauge drop of no more than 
1:25 in. the dye penetration was 
only 0:003",,, giving a test efficiency 


of 99-997"). 


Pioneers of 
scientific 


filtration 


VOKES LIMITED - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6lines). Telegrams & Cables: Vokesacess, 
Guildford, Telex. Telex: 13-535 Vokesacess 
London Office: 123 Victoria Street, Westminster, S.W.| 
VOKES (CANADA) LTD., TORONTO: VOKES AUSTRALIA PTY. LTD., SYDNEY 


Represented throughout the world 
V237 
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Plastic 
Scintillators 


NEW LOW PRICES! 
NEW X-RAY SCINTILLATOR! 


Rapidly increasing production of Nash and Thompson’s 
Plastic Scintillators has resulted in greatly reduced prices. 
Scintillators are now available at figures competitive with 
any other producer in the world, e.g.:— 


6” diameter x 1” thick—ONLY £16. 10. 0. 
2” diameter x 1” thick—ONLY £2. 10. 0. 


The new X-ray phosphor, primarily for medical use, is 
‘air equivalent” and has a linear response within the 
range of 500 KeV to 25 KeV. 

Other Scintillators available include crystals of Sodium 
lodide, Potassium Iodide, Anthracene, and Stilbene. 
Nucleonic equipments include Portable Dust Sampler, 
Quartz Fibre Measuring Device and 3-Channel direct 
Microamp Recorder. 


Nash and Thompson 


Oakcroft Road, Chessington, Surrey. Tel.: Elmbridge 5252. 









TODAY, MORE THAN EVER 


INDUSTRY LOOKS TO ERMETO 


for efficiency in pipe line systems 






Whatever the field of application, whether it 
involves high pressures or very low pressure 
vacuum lines, ERMETO fittings are success- 
fully withstanding the increased stresses imposed 
by higher industrial efficiency. 









We shall be glad to send technical details on request. 





soba 








BRITISH ERMETO 
CORPORATION LTD. 
MAIDENHEAD, BERKS. 
Telet aone!: 


nae Maidenhead 2271-4 Full porti 





VALVES & COUPLINGS 


PULSE INSTRUMENTATION 


In consequence of the great interest shown in our equipment at the recent Physical Society 
Exhibition, we are prepared to make instruments embodying our experience in this field on a 
“One-off ” basis if necessary, for nuclear, computer, and other fields. 





~~ 


Five years’ development has resulted in many high performance units and circuitry which can 
be embodied in “ Especially Tailored ” instruments. 


One example of this is our “ Multiple Pulse Generator.” The instrument has an extremely low output impedance. 
and when working into a ‘005 mfd. capacitive load, positive pulses of up to 100 volts will rise in -25 microseconds. 


The instrument also embodies a mixer into which may be fed the output from a number of positive and negative 
pulse generators, each pulse being independently and accurately controllable in height without degradation. | 


Both the above-mentioned mixer and output stage will handle fast positive and negative pulses of up to 100 volts 
amplitude, which are available from the common output terminal. 


Write for further information to :— 


A. E. CAWKELL 
ELECTRONIC ENGINEERS 


SOUTHALL, MIDDLESEX Telephone: SOUTHALL 3702 . 
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\\ DEVELOPMENTS LTD. / pen 
| 
4 : PRESCALER 
! FOR THE LABORATORY . 
SINGLE CHANNEL 
, oo PULSE ANALYSER 
UNIVERSAL SCINTILLATION 
With SUITABLE SS oeemnaete, 
SCINTILLATION COUNTING (WT SUITAB —— 
. * -. . FIER Al 
Interchangeable units for precision counting of DISCRIMINATOR 
radio-isotopes. Teaching, routine or precision ——— 
counting to exacting beta and gamma ray ea. auPrut 
| spectrometry. 
; [.D.L. equipment includes Geiger-Muller tubes, 


Scintillators, Planchets, leadware and remote 
handling tongs. 








| 
| 
| 


FOR INDUSTRY 


Weight, Thickness and Density 








| 
. | Reactor Instrumentation is a special feature; 
Gauge, Package Monitor, | equipment for controlling, safeguarding and 
| Static Eliminator, Level Gauge. | health monitoring of research and industrial 
’ | | reactors. 
| hil poriclors from ISOTOPE DEVELOPMENTS LTD. | AibehnastOn WHARE Wr READING BERKS, I20'Rocreets: London, E.C.2 
| Telephone: Woolhampton 451/3 Telephone: hiETropolitan 9641 











SYINONYIMOUS 


HIGH VACUUM 


| We will be pleased to supply all your high vacuum requirements 
| Diffusion pumps, Rotary pumps, Valves, Gauges, Complete installations 


LEYBOLD VACUUM SALES LTD 


quhoun House, 27-37 Broadwick Street, London, W.|! rd 9641 


CG) 
Mm 
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ts for Leybold, Germany 
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BUXTON APPROVED 


D. G. FLAMEPROOF PRESSURE 


SWITCH 





Designed to the requirements of B.S. 229 for use in the 
Petroleum, Chemical and Allied Industries where flame or 
explosion hazards exist. The K.D.G. Flameproof Switch 
carries Buxton Certification for Groups II and III gases. 
Ranges are available from 30” w.g. to 4,500 Ib. 

per sq. inch, and vacuum from 0-30” of Mercury. 

The pressure sensitive element is of Bourdon or Diaphragm 
construction according to the range of the Switch. 

A snap action switch is employed rated at 5 amps., 

250 volts A.C., and suitable connection is provided for 
either conduit or Pyrotenax leads. 

Micro-Pressure Switches - Liquid Level Switches 
Diaphragm Pressure Switches - Chemical Switches 


Bourdon Pressure Switches - Differential 
Pressure Switches are also available. 


s 
a 
er 
é 
Vs 4 


? 


Full details and specifications of the comple’: 
K.D.G. range are readily available from 


< PURLEY WAY, CROYDON 
I Telephone: Thornton Heath 3868 


a 
( ~ K.D.C. INSTRUMENTS LTD 
\ 





ROTAMETER Flowmeter for Fluids at 


GASES LIQUIDS 





Type 500 Type 550 
for compressed air for hydraulic oil 
with scale reading at 5000 p.s.i. 


FAD at 3 operating 
pressures. 





ROTAMETER MANUFACTURING CO. LIMITED, 
P2I 


HIGH PRESSURE 


REMOTE 
READING 






Rotameters of all-metal construction are 
made for pressures up to 5000 Pp.S.1.2 
and temperatures from — 200°C. to 
+. 400°C. Magnetic coupled movements 
are fitted for direct flow indications only 
or with pneumatic transmitting unit 
added. Electrical transmitters are also 
made for operating remote indicators 
(high-speed types available) recorders and 
integrators. Wide choice of contact mat 
erials and jointings. All specifications 
individually considered. 


Catalogue R.P.2000/KK on request. 


ee ei 








Type 660 
electrical trans- FLUID MEASUREMENT AND CONTROL 
i f ll 
gg ap I | FLOW-DENSITY- LEVEL i 
liquid at 4000 p.s.i. i 


PURLEY WAY, CROYDON, SURREY Telephone: CROydon 3816/9. 
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PERLE 4 e 


We can’t tell you where itis... 
We can’t tell you what it does... 


... but we can tell you that this Plant is in a Research 
Establishment. That a primary necessity in the 

plant was that the liquid and material in suspension should 
nowhere come into contact with the metal surfaces. 

And that the tank, pipes, valves and pumps are lined 
throughout with Linatex rubber. 

It’s no breach of security to tell you why Linatex linings were 
chosen for this purpose; the exceptional abrasion and 
corrosion resistant qualities of Linatex rubber are well known 
to every chemist and engineer. 

In the diagram below the shaded areas are lined with Linatex. 





is vulcanised by a cold chemical 
process that retains all the tough- 


ness, resilience and resistance to 
corrosion of the natural rubber. So Linatex—95 °,, pure natural rubber 
—is non-perishable, abrasion and corrosion-proof—the toughest mat- 
erial for a wide range of purposes. 
Linatex linings can be fitted on site or at our factory. Our Resident 
Engineer for your area will gladly make a survey. 
WILKINSON RUBBER LINATEX LIMITED 

CAMBERLEY + SURREY - ENGLAND 


Telegrams: LINATEX, Camberley 
Telephone: Camberley 1595 














The Journal of Photographic Science 


Essential reading for all connected 
with the scientific or industrial 
applications of photography, radio- 
graphy, kinematography, and all 


related processes 


5s. per issue (six a year) annual subscription : £1 . 5s 


This and other publications are issued free to members: Annualsubscription £3. 3s. inland; £2. 12s. 6d. overseas. 
Details from the Secretary, Tne Royal Photographic Society, Dest. N? 16 Princes Gate, London, S.W.7. 
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SILICA GEL LIMITED 


SPECIALISTS IN 





COMPRESSED AIR DRYING FOR INSTRUMENTATION 


LOW PRESSURE DRYING FOR THE MANUFACTURE OF RADIO ACTIVE ISOTOPES 


BREATHERS FOR TRANSFORMERS 





ENQUIRIES TO: | 

| HEAD OFFICE | 

| ASTORIA HOUSE WORKS AT: 

| 62, SHAFTESBURY AVENUE HOUNSLOW | 
LONDON, W | MIDDLESEX 








Portrait of a spy... 


ASTER OF INFILTRATION for many generations, the modern spy also 

has tobean expert on filtration. Today’s secret agent has access to 
so much information that he has to know exactly what he is about 
in order to send back to his superiors only those formule and plans 
which will yield vital secrets. 

For a long time, too, Heather Filters have been doing an exemplary 
job of work wherever vital clean air needs to be passed through an 
air-conditioning system. Their intermingling hairs stop the passage of 
harmful dust without the aid of any messy fluids, and they can be 
cleaned in a jiffy. What’s more, they make a claim that most spies 
cannot—they will last a long lifetime! We would be pleased to help you 
find out some more secrets of efficient air filtration. 


EVRA ED AES LOLI SS LIDAR RD 


28ST. JAMES’S PLACE, LONDON, S.W.!. HYDE PARK 7588 
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Every picture 


JET ENGINE DETUNERS 





ALUMINIUM SPRAYED BY 
one . THE SCHORI DIVISION OF 
F. W. BERK & CO. LTD. 
FOR DETUNERS LTD. 


BY COURTESY OF 
THE CE HAVILLANDZAIRCRAFT CO TD 


Shotblasting and Metal Spraying 

contracts carried out on site. Jobbing Factories 
in London, Manchester and Glasgow 

Metal Spraying Equipment supplied ex stock 


AUTOMATIC SPRAYING PLANTS 
DESIGNED TO YOUR REQUIREMENTS 








| Dept. 3P, BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.I0 — Elgar 3533 


manufacturers of X-ray 
and 
nucleonic equipment 
for 
reactor instrumentation 
and 





health measurement 


GENERAL RADIOLOGICAL LIMITED 


CLIPSTONE STREET, GREAT PORTLAND STREET, LONDON, MUS 312I 
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" | 
NEW LIGHT WEIGHT PORTABLE SURVEY METER | 
* 


* RADIATION MONITOR | 


TYPE T.R.56 


This robust self-contained instrument uses as a detector a lar: 

gamma geiger counter with a 2” moving coil meter for visual ind 

cation. This meter is calibrated in two ranges, 0-05 and 0-5 mil 

roentgens. A small two pin socket is provided for headphone us 

The Panax T.R. 56 Monitor is designed to the most rigid specific 

tion and constructed to withstand rough handling. Its steel cas 
is completely sealed and batteries are housed in a separate wate 

proof compartment. Transistors are used exclusively in th 

instrument, power being derived from two 1:2V_ type U2 cells 
arranged in series. Instrument dimensions are 74” x 24” x 54 

weight 34 Ibs. 

Other types of Panax instruments in the field of Isotope applicatio 
include a double pulse generator (type 100A), high speed scale 
(type 100C), rate meter (type 5054), universal lead castle (ty; 

ULC), decatron scaler (type D554) and power pack (type 3,000). 





* 
* 
* 
* 





Ceta > all Panax productions are available on application to the manufacturers 


PANAX EQUIPMENT LTD., 173 London Road, Mitcham, Surrey. Tel: MiTcham 2006 7 


EXPORT MANAGERS NUCLEAR RESEARCH APPLICATIONS LTD., 5 VICTORIA STREET, LONDON S.W.! 





TITANIUM - TITANIUM - TITANIUM : TITANIUM - TITANIUM + TITANIUM = TITA 
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ITANIUM as “ANIUM + TITANIUM 
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1UM ° .NIUM 

This new ball mill is a use ITAN TITAI 
ful unit for carrying out a number 4 TANIU 
ying TIT 4+ TITA 

of separate jobs or for dealing with IU’ .TANIUM 
different materials at the same time Ta JM - TITAT 
JM - TITANIUI 


Arranged w.th three separate motors and wit) 


fITANIUM - TITA 

~st* ITANIUM + TITANIUM 
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Titanium 
Sheet, rod, or forgings 
supplied to 
specification. 


three pairs of 2 diameter rolls in three ticrs 












Each pair consists of one driven and one idler roll and the latter can be p'aced 





in any of three positions to accommodate containers up to 9” diameter. All 


three tiers can be operated simultaneously or one or two separately and 







provision is made for varying the speed of the driven rolls. Each tier will carry 











two I-gallon or three } gallon or four 2-pint or five |-pint and various com- ITANIUM - 
binations of the different nominal capacities can be operated at the same time. WiUUM~ TITANIU 
TITANIUM * TITANIU 
1UM + TITANIUM : TIT. 
ITANIUM - TITANIUM 


PASCALL  wiscks 
» J - IUM + TITANIUM = TIT METAL & ALLOYS LTD 
NIUM TITANIUM - Tiga OED TS a 
THE PASCALL ENGINEERING CO. LTD [/TANIUM : TITANIUD See Mili unc e051 
GATWICK ROAD : CRAWLEY : SUSSEX jtanium-: TITANIUM WORKS SHEFFIELD 


NIUM + TITANIUM - TI 













Write or Telephone 
Crawley 25166 for 
List BM340? 
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Have you @ SPECIAL INSTRUMENTATION /)/0b/em? 


[here are two ways in which we can probably help you. We can and do 
adapt our standard instruments and test sets to provide special ranges o- 
meet customers’ requirements. Alternatively, we can put our 
design team to work from scratch on your problem, and produce special 
instrumentation and control equipment without undue delay. Backed as 
we are by the considerable experience, facilities and resources of the Pullin 
Group of Companies, we are well qualified to advise. You will find us 


scales to 


SPECIAL RANGES AND SCALES 
NON-STANDARD INSTRUMENTS 
CUSTOM-BUILT MULTI-RANGE TEST 
SETS SPECIAL APPLICATION 
COMPONENTS AND CONTROL GEAR 
ELECTRO-MAGNETIC RELAYS 
ELECTRO-MECHANICAL COMPONENTS 
WIRING AND SUB-ASSEMBLY DESIGN 
DEVELOPMENT PRODUCTION 


both interested and co-operative .. . REPAIRS 
we have special facilities at <A 
ee” 
_ 
MEASURING INSTRUMENTS (PULLIN) LIMETED, Electrin Works, Winchester Street, Acton, London, W.3 Tel.: ACOrn 4651 & 8801 (5 lines) 











2000 A. 


grating spectrographs 


for the 
vacuum ultra-violet 


Three spectrographs are available for work in the region below 


Two are of the normal incidence type with grating radii 


of 1 metre (dispersion 17 A/mm) and 3 metres (dispersion 6 A/mm) 


respectively. 


They are intended for use down to 400 A. For 


shorter wavelengths it is necessary to use the 3-metre grazing 


For further detat!s write for catalogue CH 123 (N.P.9 


incidence spectrograph (illustrated). Dispersion with this instru- 


ment varies from 2:7 A/mm at 2000 A to 0-8 A/mm at 100 A. 


HILGER & WATTS LTD 


98 ST PANCRAS WAY, LONDON, N.W.1! 


TEL: GUL 5636 


Makers of precision optical instruments for analysis, measurement and inspection 
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RADIO (DEVELOPMENTS) LTD. 


Radio-active Dust Sampling 
Equipment 


ee ee ee ee ee 


Developed in collaboration with 
The U.K. Atomic Energy Authority, Harwell 


= 





el 








ee ee eee 


This group of instruments forms a universal dust, 
personnel, and area monitoring equipment for 
alpha, beta, or gamma contamination. Whilst the 
various units have been designed to work together 
as a whole, they may be used individually for 


general works or laboratory purposes. 


Se ee 





All Designers and Manufacturers of :- 
enquiries 


to: 











Equipment, X-Ray Dose Meters, Linear Amplifiers, Quench Amplifiers, Gamma-Radiation Monizors 


eter CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 


Logarithmic Ratemeters, Pulse Generators, Time-Base 








Power and 


Performance in } | E- I 


AUTOMATIC SETS 


Constantly leading in the realm of diesel develop- Typical sets are those to 
ment, Crossley Brothers manufacture a wide range operate automatically on: 
of automatic sets, which incorporate the soundest . yale — 
constructional designs in diesel manufacture *! ailure of the main electricity 
[hese sets are eminently suitable for “standby” “??9 . 
duties, and are proving themselves to be capable of We Increases in power requirement 
producing the same consistant high standard of Xe Pressure drops in booster or 
performance that makes Crossley synonymous with 
efficiency. 


CROSSLEY _ DIESEL ENGINES 


CROSSLEY BROTHERS LIMITED, OPENSHAW, MANCHESTER 11 
London Office: Langham House, 308 Regent Street, W.1 c.400 


fire|sprinkler systems, etc., etc. 
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WE SERVE ALL PARTS OF 
THE INDUSTRIAL WORLD 


—WE OFFER OUR SERVICES 
IN THE ATOMIC FIELD 


@ PRECISION INSTRUMENTS \\\ 


@ ELECTRICAL AND \ INSTRUMENT DIVISION 


MECHANICAL MEASURING _\ B. & F. CARTER & CO. LTD. 
UNITS AND MACHINES \ 


\ ALBION WORKS, BOLTON 23, ENGLAND 
@ SMALL PARTS @ DIE CASTINGS \\\ TEL. BOLTON 4344 (3 LINES) 
\ 








—Simpili 





the well tried pipe joint 


The Simplifix joint uses the well-tried 
principle of the compression coupling 


in its simplest and most efficient form. 


Simplifix joints can be made on almost 





any kind of tubing, including those with 


very thin walls. 








Price List and Catalogue of Standard Fittings 
jor O.D. Copper Pipe gladly sent on request. 


SIMPLIFIX COUPLINGS LIMITED 


HARGRAVE ROAD, MAIDENHEAD, BERKS 
Telephone Maidenhead 2271-4 


= 
= 
us 
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NUCLEAR 
ENTERPRISES (GB) LTD Heat 


sec | insulation 
a to-day 


f f " GY4GGZ 
4 | 
oO | f + . HA! j Y 
L K Yin de 4 GY Z % Yy J 
I ZGYGY”4GEGGZGZ4 Ff GET 
G44 4Z4G4GG44 47 Y 
4%4G%43GZ4GGZ44Z4ZZ4Z 
taining PI , Cd, B G 
© Scintillating  9¢ for nternal During the pulverized fuel era, Fosalsil Solid 
ie Grade and Economite Insulating Bricks and Con- 


crete have gained supremacy in the many appli- 


cations for diatomaceous insulating products in 
INSTRUMENTS power station boilers. 
Simultaneously, suspended wall design has been 


revolutionized by the development of M.P. In- 
t iy Idit MARK VIA and sulating Refractory shapes for this duty. 


Oo Cann} 


MARK |X SCINTILLOMETERS. Ahead lies the nuclear age. . . . Whatever uncer- 
’ tainties now exist, it is inevitab'e that even higher 

standards of fuel efficiency will be sought in the 
design of atomic power station boiler walls. In 
anticipation of this need, Moler Products present 

rborne use. INSULEX—a slab insulation material specifically 
a ere oe se pki designed for use over large wall surface areas. 
silat : : : Superlative insulating properties and a surprising 
degree of strength result from this amalgamation 
nities ow heel ; of three fine insulating materials diatomite, ver- 


NUCLEAR 
ENTERPRISES (GB) LTD 


BANKHEAD MEDWAY 
SIGHTHILL . j 
EDINBURGH I!!, SCOTLAND > M 0 4 = R 


PRODUCTS LIMITED 
Tel: CRA 4513 





HYTHE WORKS, COLCHESTER, ESSEX 


Associate Co: NUCLEAR ENTERPRISES LTD 
1750 Pembina Hwy, Winnipeg, Canada 


Fel: Colchester 3191 ‘Grams: Furmol Colchester 
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energita nucleare 


The Bi-Monthly Review of the C.I.S.E. (Information Centre for Experimental Studies) 





THIS JOURNAL 
covers all important developments 
in the field of nuclear technology 


in Italy 
7s 6d 45s 


per copy per annum 


SUBSCRIPTIONS TO SOLE AGENTS 


ROWSE MUIR PUBLICATIONS LTD 
3 PERCY STREET, LONDON, W.I 








May we utiodluce..,. 


THE CONTINUOUS CLEANING 


VENTEX 


AIR FILTER 


The latest and best Air Filter 





* Automatic in operation 

* No ancillary equipment 

* Simple to install 

%* Adaptable to any shape 

* Efficient and reliable performance 


Write for Details 


ZONAIR, ENGINEERING COMPANY LTD. 


LY) AIR FILTRATION DIVISION 
— THE ESPLANADE, ROCHESTER, KENT. CHATHAM 45011/PB 





An Ozonair (7 
Product \ 
by Y 
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CLASSIFIED ADVERTISEMENTS 


Rates—Classified advertisements are charged at 4s. per line. 
Semi-display setting £3 per single-column inch. 5% is allowed 
to trade advertisers for six insertions, 10% for 12 consecutive 


insertions. Box mumbers will be charged 1s. extra. 


Press Day—Advertisements must be received not later than 
28th September for the October issue. 


Remittances—Cheques and postal orders should be sent te 
Rowse Muir Publications Ltd, together with the order for the 
advertisement. 


Terms—All advertisements are strictly net and must be prepaid 


Head Office—All advertisements should be addressed “ Classified 
Advertising,” NUCLEAR POWER, 3 Percy Street, London W.] 
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APPOINTMENTS AND SITUATIONS VACANT 





Atomic Energy Research Establishment 
HARWELL 


has a vacancy in the 


ELECTRONICS DIVISION 


for an officer to lead a section responsible for the devel- 
opment and design of electronic and electro-mechanical 
devices. 

EXPERIENCE AND QUALIFICATIONS: A first: or 
second class honours degree in Engineering or Physics 
or equivalent. Experience in several of the following : 
electro mechanisms, automatic relay and electronic cir- 
cuits, nucleonics, electro-chemistry and general instru- 
mentation. Design of apparatus for a laboratory experi- 
ment or for plant control to own specification to fit users’ 
leading a small team in 


requirements. Experience in 


similar work would be an added qualification. 
SALARY: 


within the scales : 


According to qualifications and experience 


£1,390 


£1,155 


Principal Scientific Officer £1,980 p.a. 


Senior Scientific Officer £1,355 p.a. 
Contributory Pension Scheme, five day week, excellent 
working conditions and generous leave allowances. 

Married officers living outside the Establishment’s trans- 
port area will be eligible for housing under Authority 
arrangements or, alternatively, substantial assistance to- 
wards legal expenses incurred in house purchase will be 


available. 

Send POST CARD for application form which must be 
returned by 17th September 1956 to Establishment Officer, 
AERE, Harwell, Didcot, Berks, 
613/202. 


quoting reference 











Atomic Energy Research Establishment 
HARWELL 
has vacancies 
in the EXPERIMENTAL OFFICER class 
in the ELECTRONICS Division 


(i) (Ref: 611 
ciated with nucleonic instrumentation reliability studies. 
(ii) (Ref: 612/202) 


ment and 


202)—Statistician/Physicist for work asso- 
Officers to work in a team on instru- 
system “ Post-Design”™ Studies, and special 
investigations covering a wide field of nucleonic equip- 
ment. 
QUALIFICATIONS: Higher School Certificate in science 
subjects or G.C.E. (Advanced level) in two science sub- 
jects, or equivalent qualifications, and relevant experi- 
ence. For (i) a university degree is desirable. 
SALARY: Senior Experimental Officer: 
£1,295—£1,550 p.a. 
£1,155 p.a. 
Assistant Experimental Officer : 
£375 (at age 18) 


Experimental Officer: £940 


£815 p.a. 
Send POST CARD, quoting appropriate reference, for 
further details and an application form which must be 


returned by 17th September 1956 to Establishment Officer, | 
AERE, Harwell, Didcot, Berks. 
| 











4.M.1.Mech.E., B.Se., A.M.1L.C.E., A.M.Brit.I.R.E., A.M.I.Chem.E., 
etc., on “ NO PASS—NO FEE” terms. Over 95% successes. For 
details of Examination and Courses in all branches of Engineer- 
ing, write for 144-page Handbook—FREE. B.LE.T. (Dept, 329) 
College House, Wright’s Lane, London, W.8. 


NUCLEAR POWER SEPT 1956 














NUCLEAR PROJECTS GROUP 
PROJECT ENGINEERS AND 
DRAUGHTSMEN 


are required to join small but expanding team engaged 
on the design of new forms of power plant associated 
with the most advanced reactor project now being con- 


-idered. 


The location will be in the London area. 
Experience in design of gas and/or steam turbines is 


desirable. 


Attractive salaries will be offered to suitable applicants. 
If you have served an apprenticeship in engineering and 
possess good technical qualifications (H.N.C. minimum) 


you are invited to apply to: 


Chief Engineer, 
The de Havilland Engine Company Limited, 


Stag Lane, EDGWARE, Middlesex, 





marking the envelope ‘ Nuclear Projects.” 








YOUNG GRADUATE 
CHEMICAL ENGINEER 


required to undertake experimental work associated with 
NUCLEAR POWER PLANT PROBLEMS. Applicants 
will be expected to develop contacts with parallel work 
in Government Laboratories. This post offers good pros- 
pects in a well established organisation. 


RD/1, Head 


Limited, Teesdale Iron Works, Thornaby-on-Tees, 


Apply to Per- 


sonnel Manager, Wrightson & 


Company 








CENTRAL ELECTRICITY AUTHORITY 
NUCLEAR POWER BRANCH 


require assistants in the Instrumentation and Health Physics 
Section. Selected candidates will be attached to the Atomic 
Energy Authority for a period of training, and will then be 
employed initially on radiation investigations in connection 
with the protection of personnel. This work will afford an 
opportunity for staff to gain practical experience in aspects 
of Instrumentation Techniques, Nuclear Theory, Statistics and 
Sampling Cechniques. ; 

\ degree in Physics, or a similar qualification is desirable 
and experience in a Laboratory or Works would be an 
advantage. 
SALARIES: Second Assistant Engineer £995—£1,345 p.a. 
Third Assistant Engineer £930—£1,140 p.a. 
Fourth Assistant Engineer £735— £910 p.a. 
General Assistant Engineer £520— £695 p.a. 
according to qualifications and experience. Applications stating 
age, qualifications, experience, present position and salary to 
D. Moffat, Director of Establishments, Winsley Street, London, 
W.1, by 17th September 1956. Quote ref: AE.647. 
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NUCLEAR POWER 
ENGINEERING 


Senior and Junior Draughtsmen required for a new and 
expanding department with heavy commitments in this 
new field of engineering. 
Experience in the following work is desirable but not 
essential. 

(a) Large pressure vessels and heavy plate work. 

(b) Ventilating systems and light plate work. 


(c) Mechanical engineering to fine limits for equip- 
ment associated with reactor cores. 

(d) Chemical or Gas engineering layout man, capable 
of producing piping layouts from flow sheets. 
These posts offer good prospects in a well established 

and progressive organisation. 
Apply to Personnel Manager, N.P/1, Head Wrightson & 
Company Limited, Teesdale Iron Works, Thornaby-on- 


Tees. 














IMPORTANT 


NUCLEAR POWER is read by 
engineers of all classifications 
by either direct subscription 


or through libraries 


Contact with KEY PERSONNEL 
may be made 
by announcing your requirements 


in NUCLEAR POWER classified columns 


RATES: 4s. per line 
(approx. 9 words in a line) 


£3 per inch semi-display 











BOOKS 
COSMIC MACHINERY (Published at 12/6d). Describing the 


cosmical electro-magnetic relationships of earth and sun. By 
the late Capt H. A. Staples, M.C, FRMetSoc, whose executors 
have several hundred copies available. Enquiries for bulk 
sale invited. Specimen copy free on receipt of 10d stamped 
addressed label to G. W. Staples, 21 Riverdale Road, Thames 
Ditton. 
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HENRY GARDNER & CO. LTD’ 


suppliers of 


CADMIUM 
BISMUTH 
INDIUM 


e 


4521 


LEAD 
TITANIUM 
TITANIUM ALLOYS 


and at BIRMINGHAM, MANCHESTER, GLASGOW 








The publishers of NUCLEAR POWER are pleased to announce 
that they are now preparing the first edition of the 
NUCLEAR POWER YEAR BOOK AND BUYERS GUIDE 


This new annual publication is a complete and comprehensive 
guide to the whole field of nuclear activity. It contains over 
500 pages and will be indispensable to all firms, atomic energy 
agencies, and research workers engaged in nuclear work. 


Orders can now be accepted. 

Publication, November 1956, price 2 guineas, to 
ROWSE MUIR PUBLICATIONS LIMITED 
3 Percy Street, London, W.1, MUSeum 8252 








CALDER HALL 


Next month’s NUCLEAR POWER 
will be a special number to mark 
the opening of Calder Hall power station 
by Her Majesty the Queen. 
@ 
it will contain a full description 
of the station and will be 
lavishy illustrated with photographs 
and specially commissioned drawings. 
* 
The November issue 
will contain a full description of 
the opening ceremony 
and the December one 
an extensive résumé of the proceedings 
of the British Nuclear Energy Conference 
Symposium to be held in November. 
6 
Make sure of your copy 
by sending the subscription card (opp. p. xvii) to 
NUCLEAR POWER, 3 PERCY STREET, LONDON W.1 
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AC 
POTENTIOMETER 


Self-balancing A.C. 
Potentiometer em- 
ploying resistance 
bulbs for the range 
- 200°C to + 500°C. 
Write for publica- 
tion No. 209. 





keep a grip on 


your temperatures 





the | Fielden. 











way 


—Fielden Instrumentation combines 
simple and robust construction with 
dependable accuracy and economy 


PYRO— 
SERVOGRAPH 


Ideally suitable for 
industrial condi- 
tions. Incorporates 
many advantages of 


aDC Potentiometer 


at approxi matcly 
half the cost. 


Write for Publica- 


tionNo. 233 











ELECTRONIC 
PRECISION 
THERMOSTAT 
Provides 
on/off control 
action on a 
tempcraturc 
differential of 
0.1°C. Write 
for Publica- 
tion No. 219. 


AN 
ALL BRITISH 
COMPANY 
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ALTAZIMUTH PARABOLOID RADIO REFLECTOR AT THE 
JODRELL BANK SITE, BUILT FOR MANCHESTER UNIVERSITY 
AND THE DEPARTMENT OF SCIENTIFIC & INDUSTRIAL RESEARCH. 
CONSULTING ENGINEERS: HUSBAND & CO., SHEFFIELD. 
STEELWORK CONTRACTORS: UNITED STEEL STRUCTURAL CO. LTD. 


Scaffolding by 


RADIO SIGNALS have been received from points in 
outer space where nothing can be seen even with the aid 
of the most powerful telescopes. 

It has been established that these signals are of natural 
origin, from stars unknown to classical astronomy because 
the radiations from them are in sections of the spectrum 
which do not constitute light visible to the human eye. 
The study of the number and nature of these stars, and 
the part they play in the universe, has created the science 
of radio astronomy, which this great new instrument, the 
first of its kind in the world, will do much to further. 























Height to the top of the Towers: 185 ft. Height to the 
Trunnion Bearings: 166 ft. 8 ins. Internal diameter of the 
Bowl: 250 ft. Depth of the Bowl: 73 ft. 4 ins. Weight 0 
the Bowl, with cross girder: 900 tons—carried on MIL 
Scaffolding during construction. 
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